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i) l L P E P P E R M l N T (U. S. P.) Especially recommended for use where the very 

HIGHEST QUALITY TWICE RECTIFIED OIL fine peppermint taste and aroma, absolutely free 
from the weedy and haylike character present in 
ordinary oils, is desired. Useful where low 


OIL SPEARMIN T (N. F.) alcoholic strength is necessary; very soluble. 


About three times strength of Natural Oil. 
FINEST SELECTION OF NATURAL OIL 


Our new Catalog/Price List is available 
upon receipt of request on your business 
stationery. Please give your Name and 
Title to insure prompt delivery. 
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THIS DATA SHEET CAN SAVE YOU 
MUCH 20% MSG, HVP COST 


Now—besides its full line of HVP powder and 
liquids as well as MSG—Hercules offers HVP*- 
Century powdered, a total hydrolyzed vegetable 
protein derived from wheat protein, Containing 
lOO0%. of all the amino acids derived from the 
hydrolysis with none of the monosodium glu- 
tamate removed, this new product offers the 


possibility of cost savings and processing ad- 


vantages wherever the flavor of well-browned 


beef is desired. 

This new four-page data sheet provides com- 
plete specifications on HVP-Century as well as 
information on how to compute cost savings 
and convert formulations. We'll be glad to send 
you a copy along with a sample of HVP-Century. 


For information, write to 


Huron Milling Division, Virginia Cellulose Department 
HERCULES POWDER COMPANY 


900 Market Street, Wilmington 99, Delaware 


vH60-2 
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HURON SERIES 4 
No. 200 ! 
| pvp®-CENTURY POWDERED 
pydrolyzes vegetable protein 
pvPe®-Century Powdered is a total pydrolyze4 vegetavle prote:® de rived 4 
E {rom wheat protein: It contains 100% of all the amino ac ids de rived {rom the ; | 
pydrolys}s with none of the monosodium glutamate removed: A light tan pow? ‘4 
der, HvP-Century Powde rea has the characteristi pydrolyze4 vegetavle pro- ra of 
tein flavor in combination® with the accentuating flavor effect conferre? by the ee vs 
msG. A typical product analysis is given: 4 
Total flavor solids» 60 
HVP flavor solids ~~ 38% 
MSG flavor solids ~~ 22% 
Salt, 37 4 : 
Water, 3 
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RESEARCH 
OF DEPTH “ND IMAGINATION 


Working in the favorable atmosphere of pure 
research and practic application, Firmenich has 
made imaginative and substantial contributions 

to the field of flavor. By isolation, identification and 
synthetization, precise and potent flavors, 
possessing all the desirable organoleptic qualities of 
the originals, have been achieved. By new and 
eyclusive techniques, these materials are now 


FIRMENICH INCORPORATED 


FIRMENICH OF CANADA, LIMITED, 
348 WALLACE AVENUE, TORONT 


CHICAGO OFFICE: 612 WORTH MicHiGaN AVENUE 
LOS ANGELES: 1416 CRESTVIEW CoUuR?r 
GENEVA PARIS LONDON 


also available in powder form to give further 
application in flavoring. The depth of Firmenich 
research is evidenced in the award of the 

Nobel Prize and four medals administered by the 
American Chemical Society. The originality of 
Firmenich research has been shared with fellow 
scientists in more than 300 technical papers. Firmenich 
technicians are highly qualified to assist you in the 
use of Firmenich flavors in developing new products, 
in giving fresh appeal to those long established. 
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IN THIS ISSUE— 


TECHNICAL ARTICLES IN BRIEF 


Cereal research Starch damage 
A photomicrographic study of mechanically damaged 
wheat starch. Kk. Mi. Sandstedt and Helen Schroeder. 


The damage that occurs to starch during wheat flour mill- 
ing has long been known to be a factor influencing the 
baking properties of the flour, Damage to the stareh is 
largely responsible for differences in) water absorption, 
handling properties of the dough, sugar production and 
slackening during fermentation. It also has been shown 
to affect loaf volume and the tenderness of the erumb. 
Recently, increased emphasis has been placed on starch 
damage and on methods for its determination because ot 
the advent of new methods of wheat conditioning, impact 
milling, air classification of flour fractions, and eontinuous 
bread making procedures. The purpose of this paper is 
to show the characteristics of damaged wheat starch by 
means of photomicrographs. Figure 17 of this artiele 
brings together in one pieture the rapid swelling and 
digestion of damaged starch in comparison with the very 
slow subsequent digestion of undamaged portions of the 


yranule, (See page 257). 


Radiation pre rvation Spice s and leas 
Effect of electron beam irradiation on the microbial con- 
tent of spices and teas. Peter A. Lerke and Lionel Farber. 


Spices are known to be contaminated to varying degrees 
with mold spores, yeasts, bacteria and sometimes with in 
sects, This contamination represents a potential source 
of trouble when the spiees are incorporated into food 
preparations such as sausages and other ready-to-serve 
meats. To eliminate this possible cause of spoilage raw 
spices are generally treated to reduce the microbial and 
insect content. Radiation treatment seemed to be worthy 
of study as a possible alternative to other methods. The 
effect of a dose of 2 megarep of irradiation from a 
resonant transformer electron beam generator on the 
content of bacteria, yeasts and molds of oregano, sweet 
basil, sage, allspice, cinnamon, cloves, ginger, nutmeg, of 
black and cayenne peppers, of chili powder and of pap 
rika was shown to be quite striking. The microbial popu- 
lations of the products were completely eliminated or 
reduced to insignificant levels. Some effects of the irradi- 
ation treatment on the odors and content of volatile re- 
ducing substances are discussed and exemplified. In the 
few products studied there was a noticeable change in the 
type of odor complexes noticeable sensorily and in their 
content of VRS. (See page 266), 


Microbiology of citrus juice The diacetyl test 
Effect of variety and maturity of fruit on acetylmethyl- 
carbinol and diacetyl content of fresh citrus juices. kK. (. 
Hill, F. W. Wenzel, and R. L. Huggart. 


Acetylmethylearbinol and diacetyl in citrus juice are de- 
tectable by colorimetric methods based on the Voges- 
Proskauer reaction. Lactie acid bacteria, especially Lac- 
tobacillus and Leuconostoc, are active producers of these 
substances in citrus juices. During the evaporation of 
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juice in manufacturing orange concentrate, a build-up of 
these microorganisms may occur and accumulate diacetyl. 
Diacetyl may produce an undesirable “buttermilk” off 
flavor, Since acetylmethylearbinol and diacetyl are meta 
bolic products of microorganisms, any increase of these 
compounds in juice indicates increased microbial activity. 
The diacetyl test, sufficiently sensitive to both acety! 
methylearbinol and diacetyl, gives adequate warning ot 
increased microbiological activity in juice during concen 
tration so that proper measures may be taken to prevent 
spoilage of the product. Results of this study indicated « 
definite effeet of both fruit variety and maturity on the 
diacetyl value of fresh citrus juices. Pineapple and 
Valencia orange and Marsh grapefruit juices showed 
definite and consistent increases in diacetyl values as the 
fruit advanced in maturity. Daney tangerine, Hamlin 
orange, and Dunean grapefruit juices showed an upward 
trend in diacetyl values, although data for individual 
juice samples were erratic. Diacetyl values were due 
most probably to acetylmethylearbinol. A high diacety! 
value of freshly extracted citrus juice may give some 
indication of maturity without reflecting the quality of 
the juice as to flavor or microbial content. (See page 265). 


Methodology Measurement color 


of fresh meat 


Analysis of the myoglobin fractions on the surfaces of 
beef cuts. Robert W. Dean and C. Olin Ball. 


This investigation was undertaken with the thought that 
au method resting on the same basie principles as the 
absorbancy ratio method but depending upon reflectance 
instead of absorbance measurements might give more 
reliable results than the absorbaney method because the 
surface of the meat could be measured directly and with 
out the necessity of making an extraction. A factor was 
introduced to correct for the seattering of light by a sur 
face (which, as is shown, is of no importance in the 
method because it cancels out in the ratios which are 
employed); a method was then designed and evaluated 
preliminarily by making determinations on freshly cut 
surfaces of beef, which is believed to be high in reduced 
myoglobin. The results, which indicated the presence ot 
high percentages of reduced myoglobin in these freshly 


June Cover. *‘ Four phases of activity assoviated with 
metal cans at Continental Can Company's Metal R& D 
Center in Chicago, are depicted on the June cover. The 
area of management includes screening over three hun 
dred suggestions annually, with the ultimate develop 
ment and actual production of one or two dozen in 
novations. Management and industry conferences are 
factors of considerable significance in cases where new 
ideas are suggested by the purchaser, or ideas from 
within are evaluated. The phase of processing consumer 
products as well as ‘‘new’’ foods to determine whether 
there is any reaction between the coating and the con 
tents of the can, is part of a protracted period of testing. 
Laboratory analyses are conducted on the metal cans 
and their contents at least once each three months; 
during the interim, they are stored at various temper 
atures and humidities in control rooms whieh accom 
modate thousands of cans."’ 
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cut surfaces, were encouraging. They also indicated the 
presence of high percentages of oxymyoglobin on the sur- 
face of beef which had been permitted to “bloom” for one 
hour immediately after cutting before measurements were 
made. The reflectance ratio method and the absorbancy 
ratio method of estimating the proportions of the 3 forms 
of myoglobin may, for the present, he deseribed as the 
application to the measurement of color by means of the 
spectrophotometer, of a system of units composed of per- 
centages of the myoglobin derivatives. In other words, 
color is described in terms of the agents believed to pro- 
duce the color. From theoretical considerations, it is be- 
lieved that the existing percentages of the 3 derivatives 
are always proportional to the intensity of spectrephoto- 
metric measurements obtained at selected wavelengths; 
thus, any change in spectrophotometrie intensities will be 
accompanied by a definite change in percentage values for 
the myoglobin derivatives. Since the system of units used 
to express the spectrophotometrie indications is based 
directly upon spectrophotometer measurements of what 
were believed to be pure myoglobin derivatives, it seems 
reasonable to assume that the units bear a direct relation- 
ship to the percentages of the myoglobin derivatives 
which constitute the pigment with an accuracy depending 
upon (1) the accuracy of the surface measurements made 
and (2) the aeeuracy of the absorbaney curves of the 
pure derivatives upon which the ratios of the system are 
based. (See page 271). 


Antibiotics Shelf life of fryers 
Effect of different length chill periods with chlortetra- 
cycline and different holding conditions on the shelf life 
of dressed fryers. KH. (). Hssary, L. E. Dawson, and W. L. 
Mallmann. 


The effect of different lengths of chill time, with and 
without chlortetracyeline, on shelf life of fryers was 
studied. The influence of holding dressed birds in flaked 
ice and in trays after chilling for different lengths of time 
was compared. Treatment with CTC gave beneficial effects 
after 10 days’ storage; however, these tests indicate little 
benefit from CTC treatments during the first 10 days ot 
storage as determined by total bacterial count and raw 
odor scores. In most eases, two-hour chill periods, with 
or without CTC, gave lower total counts and higher raw 
odor scores than did 12- and 24-hour chill periods. Total 
bacterial counts were lower and raw odor seores higher 
for a longer storage period for CTC treated birds, chilled 
for 2, 12 and 24 hours, and held in tray-packages than for 
similarly treated birds held in flaked ice for similar 
periods of time. Several factors influence the shelf life ot 
fryers. More research on the influence of chill periods and 
packaging is needed. (See page 256). 


Freezing technology Peas, beans, cauli- 


flower, spinach 


Time-temperature tolerance of frozen foods. XXII. Re- 
lationship of bacterial population to temperature. H. 
David Michener, P. A. Thompson, and W. C, Dietrich. 


Bacterial counts on 18 lots of peas, beans, cauliflower, and 
spinach were followed during experimental exposures to 
temperatures ranging from —10° to 40° F. Taste tests 
were also carried out after these treatments. Average 


(Continued on page 16) 


From Staley’s...8 PRODUCT 
IMPROVEMENT POINTERS 


PROTEIN SUPPLEMENT AND BINDER 
Staley’s* Soy Flour gives decided advantages in nutri- 
tion, texture, appearance, taste. Superior blending prop- 
erties. Retains more fats and moisture in meat products. 
Extensively used in sausage, meat loaves, dehydrated 
soups, bakery products. 


NATURAL MEAT FLAVOR BOOSTER — Stalcy’s* 
Hydrolyzed Vegetable Protein is a concentrated source 
of flavor. Distinctive in taste. Flavor solids and mono- 
sodium glutamate content carefully balanced. Imparts 
ideal flavor to a variety of foods such as stews, meat 
loaves, frozen meats, meat pies, chili con carne, hash, 
baked beans, and table sauces 


FAT DISPERSER —ANTIOXIDANT— Sta-Sol* Leci- 
thin Concentrate improves consistency and flow. Retards 
rancidity. Better dispersion improves texture, appear- 
ance, and eating qualities. Effective in gravies, sauces, 
shortening, margarine, candy and chocolate coatings, 
bakery products. 


*Staley’s and Sta-Sol are registered trademarks of A. E. Staley Mfg. Co. 


ATLANTA + BOSTON - CHICAGO - CLEVELAND - KANSAS CITY + NEW YORK 
PHILADELPHIA + SAN FRANCISCO - ST. LOUIS 
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of things we can do 
to make it easier 
for you to put 
Myvar” Vitamin A 
into margarine 


and other foods. 
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DisTILLATION PRODUCTS INDUSTRIES 
is a division of 


EasTMAN KODAK COMPANY 


Can we do some thinking for you? 


Gets a New President — 


Imn J. Hutchings 
Plans an Active Program for 1960-1961 


Dr. Imri J. Hutehings, new president of the Insti- 
tute of Food Technologists, has now taken hold of the 
helm and is in the midst of the duties of his office. 
Dr. Hutchings is by no means unfamiliar with top 
management responsibilities in IFT having served the 

Institute for many years, 
most recently as President- 
Eleet—a post that is by no 
means a nominal one. Dur- 
ing 1959-1960, Dr. Huteh- 
ings visited and spoke be- 
fore LET regional sections 


from coast to coast and, 
following what has almost 
become a_ tradition, also 
addressed the Mexico City 
Section of the Institute. 

The new president of the 
Institute of Food Tech- 
nologists has had many 
years of executive experi- 
ence in industry. is 
presently Manager of Food Research at the H. J. 
Heinz Co., Pittsburgh. 

Dr. Hutchings took his undergraduate work at 
Brigham Young University, receiving his B.S. in 1932. 
He obtained his master’s degree there in 1933. Ap- 
pointed assistant in microbiology at the New Jersey 
Agricultural Experiment Station at Rutgers Univer- 
sity, 1933, he continued graduate work and was 
awarded a Ph.D. by Rutgers in 1936. 

The new president of the Institute has had exten 
sive experience in directing research groups. He was 
technical Director, 1940-47, at Grocery Store Products 
Company. In 1947, he accepted a post as Department 
Head, Bacteriological Research at the H. J. Heinz 
Company, specializing in thermal resistance studies 
and fermentation. In 1950, he was appointed Depart- 
ment Head, Packaging and Sterilizing Laboratory, 


Dr. I. J. Hutchings 


and directed the work on packaging and container 
problems, the particular objects of study being caps, 
glass, paper, tin plate, and sterilizing procedures. As 
Manager of Research he directs the broad research 
program of the H. J. Heinz Co., a program embracing 
plant breeding, horticultural practices, bacteriology 
and nutrition, experimental product development and 
food technology. 

Dr. Hutchings is a member of the Washington 
Laboratory Committee, National Canners Association, 
1960, a member of the Food Additives Committee, 
N.R.C., and a Fellow of the American Association for 
the Advancement of Science. He belongs to the Ameri- 
ean Chemical Society, Society of American Bacteriolo- 
gists, the American Association of Cereal Chemists, 
the New York Academy of Sciences, Phi Tau Sigma, 
and Sigma Xi. In IFT, he has served as a National 
Councilor, Chairman of the Pittsburgh Section, and 
as General Chairman of the National Meeting in 
Pittsburgh in 1957. 
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Safe emulsifiers for foods like these 
are obtainable at the lowest of costs. We make them by is the time. For information on Mbpyverol” Distilled 
glycerolysis of edible fats and oils and therefore they Monoglycerides, just write to Distillation Products Indus- 
are exempt from the Food Additives Amendment to the tries, Rochester 3, N. Y. Sales offices: New York and 
Federal Food,-Drug and Cosmetic Act. They are bland, Chicago « W. M. Gillies, Inc., West Coast * Charles 


stable, high in monoester content and purity. Now Albert Smith Limited, Montreal and Toronto. 


distillers of monoglycerides - ° Also... vitamin A in bulk 
made from natural fats and oils Ay for foods and pharmaceuticals 


Distillation Products Industries isc division o¢ Eastman Kodak Company 
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One Company's Plan of Salary 


Administration for Scientific Personne! 


Ox, OF THE PROBLEMS any com- 
pany has, regardless of size, is determining the proper 
salary for the in the organization. By 


““specialists’” we mean those persons in the organiza- 


specialists”? 


tion who are there because of the company’s need for 
some highly specialized training, skill or experience. 
While the different kinds of specialists in companies 
today are many and varied, this article is directed 
toward one particular group; namely, the scientifically 
trained personnel in the quality control or research 
laboratories 

This is a brief explanation of some of the salary 
administration principles and procedures whieh are 
being used in our Research & Development Division, 
and which we feel may be adaptable to salary evalu- 
ation of scientific people in other food companies. 
Simplicity is the keynote of our salary program. We 
employ none of the popular job evaluation techniques, 
such as factor comparisons, point rating, ete., and we 
utilize a minimum of centralized salary controls and 
approval procedures. The fact that our salaries are 
competitive and our personnel turnover virtually nil 
encourages us to believe that our system is sound and 
may have application for others in our industry. 

Our approach to salary administration begins with 
the word profit’”’. 

To some this word has an unpleasant connotation, 
but corporations are in business primarily to make 
money, Without profits there could be no corpora- 
tions, no employees, no stockholders and none of the 
services that corporations render to the general public. 

Our corporate research and development division 
can be justified only if it helps to maintain or increase 
profits while serving the investor, consumer and the 
employee. We like, therefore, to think of salaries as a 
form of ‘* profit’’ sharing 

The problem is how to share the ‘* profits’’ in’ pro- 
portion to the value of each individual contribution. 

It’s not too difficult to do this for production em- 
ployees. Their work can be measured, weighed or 
counted. But, when a group of scientists cooperate in 
the development of a new product or process, how do 
you determine the relative importance of the contri- 
bution of each individual? How do you measure ere- 
ativity, ingenuity, insight, initiative, imagination ? 

Recognizing this significant difference between 
salary administration in the laboratory and wage and 
salary administration in the plant and office, we at 
National Dairy do not measure and evaluate research 
jobs in the same way other jobs are so effectively 
measured and evaluated; that is, by separating each 
job into its various tasks and applying a point of dol- 
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C. W. Kaufman and W. P. Walsh 


National Dairy Products Corporation, 
Glenview, III 


lar value to each task with the sum of the values 
representing a fair salary. 


“CLASSIFYING PEOPLE, NOT JOBS” 


Rather, we broadly classify all of our research em- 
plovees into one of four research levels, depending 
upon the complexity and importance of their assign- 
ments, the degree of their experience and how much 
they may be expected to contribute to profit. (Notice 
that we classify ‘‘people’’ not ‘‘jobs’’.) This is a 
fundamental departure from the traditional approach 
to salary classification, in which jobs, not people, are 
rated. Dr. George L. Royer of American Cyanamid 
Company stated it well in a recent paper presented to 
the Industrial Research Institute when he said ** . . . 
in research the job should not dominate the man, but 

. rather, the man does and must make the job.’’ 

The practical application of this philosophy is illus- 
trated by the broad general classifications used within 
our organization (Table 1). 


TABLE 1 


Desirable 
Level qualifications 
for beginner 


Responsibilities 


Works on assigned projects 
as a member of a group under 
the sustained supervision of a 
research-level employee or 
Group Leader 


B.S. or equivalent 
in training and 
experience 


Professional 


Responsible for independent 
research assigned by and 
under the direction of a 
Group Leader. Usually plans 
and supervises work of pro 
fesionals, laboratory assistants 
and/or pilot plant operators 


M.S. or equivalent 
in training and, 
or experience 


Research 
Scientist 


M.S. plus 5 years 
experience at Re 
search Level, or 
equivalent combi 
nation of training 
and experience 


Responsible for complex 
projects, as assigned, in 
volving little or no super 
vision of others and requiring 
| the direction of a Laboratory 
| Manager or Associate 
Laboratory Manager 


Sr. Research 
Scientist 


Ph.D pius 10 years | Responsible, within his area 

responsible experi. | of specialty, for the active 

ence, or equiva | directing of a task group on 

lent combination important projects. Receives 

of training and | only broad direction from a 

experience Laboratory Manager or the 
Research Director. 


Group Leader 


The simplest classification is our starting point; 
namely, a young college graduate with no experience. 
Although we have a great regard for a graduate edu- 
cation, we hope that the reader will note that our 
classifications provide for the recognition and experi- 
ence in the growth of an individual within our or- 
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years has been the standard, the perfect 
imitation Maple Flavor Base . . . Check its 
amazing consistency and you can appreciate 
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maplearome 


IMITATION MAPLE FLAVOR BASE 


Inc. 


Y Imparts an aroma and taste 
similar to that 
Y of choice Bourbon Beans. 


EXECUTIVE OFFICES 
900 VAN NEST AVE. (BOX 12) NEW YORK 62, N. Y 
CHICAGO 6 « LOS ANGELES 21 
Boston ¢ Cincinnati ¢ Detroit ¢ Dallas 
New Orleans ¢ St. Louis ¢ San Francisco 
Sales Offices in Principal Foreign Countries 
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ganization. Actually we prefer to emphasize this 
experience factor at the expense of an advanced edu 
cation, if a choice has to be made. We further reeog- 
nize that some scientifically trained people have no 
wish or desire to direct the activities of others. To 
that end we look upon the Senior Research classifica- 
tion and our Group Leader classification as having 
equivalent stature, in terms of salary administration, 
one classification providing us with a means of recog- 
nizing adnunistrative skill (Group Leader) and an- 
other classification permitting us to recognize scren- 
lifie growth (Senior Research Scientist ). 

At this point I should say that we believe that our 
scientists are more equitably and correctly compen- 
sated if salary administration is decentralized within 
our division; that is, if decisions on salary increases 
and promotions are made by the manager of the 
specific laboratory to which the employee is assigned, 

That’s why we have fewer job levels than most 
laboratories our size. In our opinion, many levels 
(plus very specific qualifying criteria) restrict: the 
area of managerial discretion and tend to draw salary 
decision-making into the personnel office. 

For the same reason our salary ranges are wider 
than the ranges of most other research organizations. 
The salary spread in our Professional Level is 340 ; 
in the Research Level, 700 ; and in the Senior Re- 
search and Group Leader Levels, 75‘... To the salary- 
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administration conformist these broad salary ranges 
are anathema, but we regard them as fundamental to 
the decentralization of salary decisions. 

We don’t pretend to have a completely satisfactory 
formula for determining what is a fair and adequate 
salary. Our policy is simply to try to be sure that our 
salaries are sufficient to attract, hire and retain quali- 
fied scientists to carry out our division’s responsi- 
bilities to the company. 

There are three sources of information necessary to 
carry out this policy: (1) recruitment experience: 
ure we able to attract and hire qualified scientists? ; 
and (2) turnover of personnel: are our employees 
leaving us for greener pastures?; and (3) salary sur- 
veys: What do other companies pay for similar work ? 


SALARY SURVEYS 

Salary surveys indicate whether or not we are 
headed for trouble; recruitment and turnover prob- 
lems tell us we are in trouble. In other words, we be- 
lieve that if we conduct careful and thorough salary 
surveys and use the information wisely we will not 
have serious recruitment or turnover problems. 

We've found that three things are essential to a 


useful salary survey : 


1. It should reveal actual salaries, not only salary 


ranges ; 
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DAIRY TECHNICIAN NOLOG IST CLASSIFICATION Technician I 


A classification for a professional employee (usually holding a Master's Degree 
or the equivalent in training and experience) who conducts independent research 
work within his area of specialization under the broad direction of a Group 
Leader. May act as a Project Leader and occasionally supervise the work of 
Professionals, Laboratory Assistants and Pilot Plant Operators. 
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2. It should contain enough information about the 
duties and responsibilities of each job classifieation to 
permit establishing a basis for comparison ; 

4. It should identify the specific salaries of each 
participating company so that in our analysis and 
application adjustments can be made for significant 
differences in working conditions, type of industry, 
kind of research activity, ete. 


The only survey that satisfies us on these three 
counts is the one we conduct for ourselves. It isn’t 
that we claim any special talent or skill in this area, 
but rather that all who conduct surveys are inhibited 
in their reports to participating companies by the 
ethies which require that the companies’ names not be 
divulged. As a result, only the one who conducts the 
survey knows the salaries of each participating com- 
pany. Surveys conducted by others are useful to us 
as a check against the accuracy of our own survey, 
but we feel the information they contain is necessarily 
incomplete. 

We conduct a salary survey at least onee a year. 
Since we regard the technical labor market as nation- 
wide rather than regional, we don’t confine participa- 
tion to the Chicago area but rather to those labora- 
tories whose working conditions and level of research 
are most like ours and with whom we’ve established a 
real basis for job comparison. This problem of job 
comparison is difficult. No two laboratories are or- 
ganized the same. It is important, therefore, to know 
(1) the work the scientist in the other laboratory 
does; and (2) whether or not this is similar to the 
work of our scientist. 

Once this basis of comparison is established (and 
we find this requires discussion, not correspondence ) 
we can then exchange salary information. Figure 1] 
is a sample of the form which we use to exchange 
salary information. We like it because it is simple to 
use and eliminates the need for converting monthly 
salary rates to weekly rates, ete. 

After the participating companies have completed 
the forms, the information is assembled, as shown in 
Figure 2, for our use and for distribution to partici- 
pating companies. 

We make adjustments for any known differences in 
‘job duties and responsibilities, eliminate ‘‘red cirele’’ 
figures and compare averages, midpoints, medians, ete. 
Mostly, however, we're concerned with how we com- 
pare on (1) beginning rates; (2) the largest cluster 
of rates of all participating companies; and (3) with 
the salary trends of participating companies as shown 
by a study of previous surveys. 

Bar charts reflecting information from our 1959 
survey are shown in Figure 3. 

Our survey usually results in some revision of our 
established salary ranges. Only once in the last ten 
years has a survey resulted in a general salary adjust 
ment. We’re rather pleased about this because we 
believe it desirable for salary increases to be presented 
to the research employee as a reward for good per 
formanee and not as an adjustment to compensate for 
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Figure 3. 


labor market or cost of living changes or lackadaisical 
consideration by Management. 

We want each Manager to know how his salary- 
increase practices compare with the practices of other 
managers. Onee a year, therefore, we distribute the 
report, illustrated in Table 2, showing the amount and 
frequency of salary 
level. 


increases for each professional 


ROLE OF THE PERSONNEL OFFICE 


In our division the establishment of salary ranges 
and division policy defining the maximum amount 
and minimum frequeney of salary increases is a fune- 
tion of the Office. These are the only 
salary-administration limitations imposed on our 


Personnel 
managers. Of course, all salary increases must be 
reviewed and approved by Personnel, but this is done 
to assure compliance with the salary policy and to 
provide Personnel with an opportunity to offer coun- 
sel to the manager. In other words, the Laboratory 
Manager is responsible for evaluating his people and 


making salary decisions—-the Personnel Office is re- 
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TABLE 


sponsible for providing services, advice and guidance 
to Laboratory Managers. 

Many people fear that giving ‘“‘line’’ managers such 
broad latitude on salary matters will result in large 
and frequent salary increases and, therefore, the pay- 
ment of excessive salaries. Fortunately, this has not 
been our experience. More often than not, when the 
Personnel Office suggests a change in a salary-increase 
recommendation submitted by a Laboratory Manager, 
the suggestion is that the increase be larger, or in a 
shorter interval. ** Line’? managers take their salary- 
administration responsibilities seriously and can be 
trusted not to ‘give the place away.”’ 

We've learned that casting our Personnel Depart- 
ment in the role of specialists who render counsel and 
special services, rather than as a powerful maker and 
enforcer of rules, improves its effectiveness and ac- 
ceptance and helps to make for the kind of per- 
sonalized salary administration program that a scien- 
tific organization requires. 


THE KEY TO OUR PROGRAM 


Obviously, many of the small companies in the food 
business, who are employing a limited number of 
technical personnel, will find the program which we 
have described both unrealistic and impractical. The 
key to our salary administration program, however, 
is the same as the key to theirs; we and they want to 
pay scientists a salary commensurate with what their 
training, experience and performance justifies in to- 
day’s competitive market place. We don’t want to 
underpay them because this would penalize the em- 
ployees and result in their dissatisfaction. We don’t 
want to overpay them because this would penalize the 
company and reduce those profits that we referred to 
earlier. Therefore, it is important that each company 
employing technical personnel, regardless of size, has 
some means for finding out the going market price 
for the particular skills which they are employing. 
Most of the larger companies are generally only too 
happy to make their own knowledge of the market 
place available to the smaller organizations. This 
seemingly unselfish approach has a_ selfish motive ; 
namely, the more informed and educated the smaller 
companies become in matters of scientific salary ad- 
ministration, the less frequent are going to be the dis- 
unwarranted salary — offers, 
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Months interval since last increase Median 
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1.8 12.6 19.0 6.0 1.0 
6.0 13.8 0.0 9.0 9.0 14.0 
17 14.1 20.0 9.0 a0 14.0 


= 
at 
a ‘ 
Bix 
Ns 
| 


TAKAMINE proteases for any degree of proteolysis 
in baked goods, beer, meats, fish, cereals, chocolate and pro- 
tein hydrolysates. Miles offers you the most complete line of 
proteases available. Specific proteases to meet your specific 
needs. Proteases that help increase product quality, that help 
reduce processing costs. Write for complete information on 


the wide variety of protease enzymes from Takamine. All 
inquiries handled promptly. @VIVILId Miles Chemical Company 


(*pronounce it) DIVISION OF MILES LABORATORIES, INC., 
Tack-a-ME nee) ELKHART, INDIANA 


General Sales Offices: Elkhart, ind., Telephone COngress 
It will TASTE better, LOOK better, SELL better with Takamine products 4-3111; Clifton, N.J., Telephone PRescott 9-4776; 
New York, N.Y., Telephone MUrray Hill 2-7970 


15 


Bes 
i 


Technical Articles in Brief 


(Continued from page 5) 


initial (—20° F) count for the different lots ranged from 
below 10° to over 107 bacteria per gram. Within lots, 
counts on different packages differed by as much as 50- 
fold. Peas were much more variable in this respect than 
the other vegetables. At temperatures of —10° to 20° F, 
bacterial growth never occurred, but large numbers of 
bacteria always survived prolonged storage. On a_per- 
centage basis, survival was extremely variable but aver- 
aged around 50°, and only once fell below 10%. Flavor 
deterioration occurred in this temperature range and thus 
could not have been caused by bacterial growth. Bacterial 
growth always took place at temperatures of 25° F and 
above. The population doubled in one to 8 weeks at 25 
and 30° F, and in less than a week at 40° F. Growth can 
continue to the point of bacterial spoilage at these tem- 
peratures. Off flavor was detected, however, before the 
bacterial count had increased significantly. Thus, initial 
development of off flavor appears to be unrelated to 
growth of bacteria. See page 290). 


Enzyme inactivation Comparison of steam 


and chemical methods 


Quality of cabbage dehydrated after chemical or steam 
inactivation of enzymes. Rachel U. Makower and Mildred 
M. Boggs. 


This study reports a comparison of two methods of enzyme 
inactivation, by steam and by chemical means, in dehy- 
drated cabbage. Ascorbic acid content, physieal and or- 
ganoleptic measurements of color, and appraisal of odor 
and flavor were related to the method and extent of 
enzyme inactivation. The effects of blanching, vacuum 
infiltration, drying and rehydration were also studied. A 
chemical method for inactivating enzymes without the use 
of heat was applied to cabbage before dehydration. The 
initial quality of chemically treated cabbage was some- 
what inferior to non-infiltrated steam-blanched controls 
with respect to color, flavor and aseorbie acid. Chemical 
inactivation, however, was equivalent to steam-blanching 
in effectiveness of enzyme inactivation and in stabiliza- 
tion of residual color, flavor and aseorbie acid during stor- 
age for 6 months at an elevated temperature. Rehydra- 
tion of cabbage resulted in large losses of ascorbie acid 
in all samples. The non-infiltrated and water-infiltrated, 
unblanched eabbage lost nearly all aseorbie acid in rehy- 
dration. Improvement in color and flavor in AES-infil- 
trated cabbage was shown to be possible through method 
modification, (See page 295). 


Effect of supplementation 
with soya meal 


Nutritive value of 
bread protein 


Effect of extraction rate of flour and of supplementation 
with soya meal on the nutritive value of bread proteins. 
K. Guggenheim and Naomi Friedmann. 


Twenty kinds of bread were prepared from flour differing 
in extraction rate (74, 82, 86, 90, and 959%) and fortifiea- 
tion with soya meal (0, 6, 9, and 120%). Lysine per gram 
of nitrogen increased with both extraction rate and per- 
centage of soya. Threonine increased and methionine de- 
creased with the pereentage of soya, and both did not 
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appreciably change with extraction rate. The nutritional 
value of bread proteins was assessed by determining the 
net protein ratio (NPR). When only bread provided 
dietary protein, the NPR rose as the percentage of extrac- 
tion and of soya added increased. Soya improved the 
nutritive value of proteins of both white and dark breads. 
When bread supplied one half only of dietary protein, the 
other half being derived from casein, neil er extraction 
rate nor soya improved the nutritional value of the pro- 
tein. Whereas lysine is the limiting amino acid in bread 
proteins and is supplied in increasing amounts by in 
creasing the percentage of extraction or of soya added, 
this amino acid is not limiting in bread-casein diets. [Im 
provement of the nutritional value of dietary proteins by 
increasing the percentage of flour extractions or fortifica 
tion with soya meal may, therefore, be expected in diets 
in which wheat products represent the predominant source 
of protein. (See page 298). 


Technique for residual Spice oleoresins 


solvents 


The estimation of residual solvents in spice oleoresins. 
Paul H. Todd, Jr. 


The food additives amendment of 1958 to the Federal 
Food, Drug, and Cosmetic law establishes the require 
ment of tolerance levels for potentially harmful food 
additives. In manufacturing spice oleoresins, a number 
of solvents are employed, and some of them will no doubt 
come under the purview of the law. It is important, there 
fore, for users of oleoresins to have a simple and reason 
ably accurate technique for determining the presence and 
amounts of commonly employed solvents. This paper re 
ports a technique for evaluating residual solvents at levels 
below 50 ppm with accuracy of within 12 ppm. Results 
are reported using methylene chloride, ethylene dichloride, 
trichloroethylene, hexane, methanol, isopropanol, and ace- 
tone, although the principle can be extended to any sol 
vent. Each solvent was studied individually, and then 
used in combination, The general method employed in 
volves adding an internal standard of benzene diluted in 
toluene to a 50 g sample of the oleoresin and distilling the 
toluene into a Clevenger trap. The benzene is present in 
a known concentration in the oleoresin, and the levels of 
the other solvents are then related to it by making a gas 
chromatographic analysis of the distillate. The technique 
reported meets the following eriteria: (1) The method is 
simple and requires little operator time. (2) A minimal 
sample size can be used. (3) Results are fairly consistent 
and reliable at the levels required. (See page 301). 


Antibiotics Use of Acronize On fish 


and shellfish 


Thermal and nonthermal degradation of Acronize chlor- 
tetracycline in fish and some shellfish. K. F. Kline, A. 
Abbey, M. C. Firman, and P. F. Hopper. 


This study was undertaken to determine the effect ot 
several processing methods on the degradation of varying 
amounts of CTC contained in fish flesh. In some experi 
ments the amounts of CTC found in the flesh initially 
were much greater than would be expected under com 
mercial conditions. Purpose was to find out what level of 
CTC could be expected to degrade completely and the 
amounts remaining when total antibiotic destruction is 
not experienced. The following observations were made: 
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Frying flounder fillets in deep fat for 10 minutes com- 
pletely degraded the antibiotic contained in the fillets at 
the levels shown. After 5 minutes of frying, at least 
L0% of those fillets that originally contained 1 ppm CTC 
gave negative assays. Pan frying was slightly more effee- 
tive than broiling for deactivating CTC in flounder fillets. 
In either case, small residues of CTC remained in those 
fillets that had originally assayed 3 ppm CTC and more. 
Pickling processes reduced activity of the antibiotie from 
78 to 100% in the flesh of herring 
leaching and degradation whieh oceur during pickling. 


probably to 


In canning experiments with haddock, salmon, sardines 
and tuna, after the prescribed retorting time for the 
canned product, no antibiotic remained in the samples 
tested. In fact, it is likely that CTC was completely in- 
activated with 50% of the full retorting time. In smoking 
experiments with Alaska cod and salmon, most loss of 
antibiotic activity occurred during cooking of the “hot 
smoked” product. The smoke itself imparted microbio- 
logical activity, making it difficult to ascertain the precise 
amount of CTC degraded during the process. Shellfish. 
At all levels shown the frying of oysters reduced the 
amount of CTC to an average of 16% of the level in the 
raw product; stewing reduced it to an average of 25% of 
the original antibiotic level. Frying removed all of the 
antibiotic from seallops that had contained up to 0.23 
meg/g; at higher levels positive values began to occur. 
Lower CTC levels in raw shrimp showed a higher per cent 
retention after boiling than did higher levels, ie. those 
above 1.3 meg/g. It is concluded that for average cooking 
conditions and normal pickling and smoking procedures, 
practically no chlortetracycline is found if the antibiotic 
is emploved at the recommended levels. (See page 305). 


Blanching Green beans 
Factors affecting the blanching of green beans. J. Orvin 
Mundt, and I, E. MeCarty. 


During recent years, defects in texture and flavor have 
developed in some lots of green beans in prolonged (6 
months or more) frozen storage. These defects are 
reminiscent of underblanching. Attention is focussed in 
this paper upon several factors which might influence the 
inactivation of the enzyme peroxidase by blanching. 
Small but marked differences in the time of blanching of 
green beans suitable for freezing processing have been 
observed. The differences are associated with variety of 
the bean. Climatie conditions such as relatively dry sea- 
son vs one of normal rainfall as prevailed during the two 
vears of this study, the temperature of the cooling water, 
salts in the blanching water, and the stage of maturity 
in which the beans are very young or are fully ovulated, 
appear to have little influence upon the time of blanching. 
It is suggested that the time of inactivation can be extra- 
polated from accurately determined lower temperatures 


by means of the equation, t = tue". (See page 309), 


Modern evaluation 
of foods 


Using newer knowledge 
of nutrition 


A modern evaluation of foods. Kdward F. Kohman. 


It is suggested that calorie content be related to nutrient 
content in evaluating foods. Our newer knowledge of nu- 
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trition permits the development of tables that would cor- 
relate calories and amounts of nutrients in the various 
food categories (vegetables, fruit, basie foods, ete.). The 
author supplies some sample tables of this type. (See 


page 312), 


Improved statistical Consumer preference 


method 


A note on the analysis of consumer preference data. (Otto 
Dyskstra, Jr. 


Results of a recently published articel on a consumer 
survey, in which strawberry ice cream varying in sugar 
content (15.907, 17.607, 19.207, or 20.8%) was evaluated, 
were reworked, Using a method analagous to the Terry- 
Bradley-Davis method of paired comparisons, it was 
found that the consumer panel preferred both the sample 
with 19.20 sugar and the sample with 20.89 sugar to a 
statistically significant degree over the other two samples. 
It is coneluded that the method of analysis discussed in 
the present article is more powerful than the method used 
by the authors of the original article, since they did not 
find that the sample with 20.8% sugar was preferred to 
a significant degree over the samples with 15.9% and 


17.6% sugar. (See page 315). 


PROCTOR 


Continuous 
Dehydrators 


for food processing 


... deliver a uniformly high quality product 
... are designed to fit your process 
Fequire less maintenance 


Write us—let us prove we can help you 
with your drying problem. 


TYPICAL FOOD PRODUCTS 
using Proctor's Continuous Conveyor Dryers : 


gelatin, vegetables, starch, fruits, coconut, 
cocoa beans, cereals, animal foods. 


PROCTOR & SCHWARTZ, INC. 
Philadelphia 20, Pa. 
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MEXICO 


Dr. I. J. Hutchings, President of IFT, was guest speaker 
at the meeting of the Mexico Section of IFT in February. 
Forty persons attended the meeting at the Swiss Pavillion 
Restaurant in Mexico City including, 1. to r.: Mr. Amaury 
Carvajal (past section president), Miss Emma G. Balboa (sec- 
retary), Mr. Marcial Ibarra (president), Dr. Hutchings, Mr. 
Rafael Illescas F. (president-elect), and Miss Carmen 
Castorena. 


FUTURE MEETINGS FOR FOOD 
TECHNOLOGISTS 
1960 
June 9-10 Third Annual Conference, Canadian Institute 
of Food Technology, Royal Alexander Hotel, 
Winnipeg, Manitoba 
Gordon Researeh Conference, New London, 
New Hampshire 


June 13- 
September 2 
June 14-16 The Canadian Dietetic Association, Queen 
Elizabeth Hotel, Montreal, Quebee 

June 24-25 The Annual Conference of the American So 
ciety of Enologists, Hoberg’s Resort, Lake 
County, California 

Second International Course on Lyophiliza 
tion, Lyon, France 


August 29- 

September 9 

September 1-7 Fifth International Congress on Nutrition, 
Washington, D. 


September 20-23 Pure Food Centenary, Royal Institution of 
Great Britain, London, England 


Tenth Annual Instrument Symposium and Re- 
search Equipment Exhibit, National Institutes 
of Health, Bethesda, Maryland 

October 12-14 The Seventh National Symposium of the 
American Vacuum Society, Cleveland-Shera 
ton Hotel, Cleveland, Ohio 


October 4-7 


1961 
May 7-11 Twenty-first Annual Meeting of the Institute 
of Food Technologists, Hotel Statler, New 


York, New York 


1962 
June 10-14 Twenty-second Annual Meeting of the Institute 
of Food Technologists, Fontainebleau Hotel, 
Eden Roc Hotel, Miami Beach, Florida 
1963 
May 19-23 Twenty-third Annual Meeting of the Institute 
of Food Technologists, Pantlind Hotel, Civic 
Auditorium, Grand Rapids, Michigan 


An open invitation is extended to readers of FOOD TECHNOLOGY 
to send in to the Editorial Office, 11606 South Bell Avenue, Chicago 43, 
Illinois notices of annual or national meetings of interest to food 
technologists. 
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EWEST 


ROCHE Beta CAROTENE 


The SAFE yellow-to-orange COLOR that NOURISHES 


Roche has all the types of beta carotene you'll need, no matter what you're processing. Roche 
packings are made with your needs in mind. Summarized below is information you'll find helpful 


TECHNICAL INFORMATION —Beta CAROTENE Roche crystals 
Crystalline Beta CAROTENE Roche is in 
the all-trans form. It is not a mixture of 
isomers of varying coloring value. Roche 
Beta CAROTENE is 100% provitamin A, 
the preferred carotene for use in foods. 
Empirical Formula: | Cao Hse 
Molecular Weight: | 536.85 
Melting Point: | 183.0 
Appearance: Red-violet platelets 


Solubility in Edible Oils 
At room temperatures about 0.08% 


Biological Properties 
0.6 microgram of beta carotene =1.0 
U.S.P. unit of vitamin A 
1.0 gram of beta carotene = 1,666,667 
U.S.P. units of vitamin A 


‘Carotene will recrystailize on cooling. One percent solu- 
tions will remain dissolved for approximately 8 hours at 
room temperature. Some isomerization and destruction 
take piace at this temperature. 

MARKET FORMS & PACKINGS— Beta CAROTENE Roche 
Crystalline Beta CAROTENE— 1,666,667 U.S.P. units 
of vitamin A activity per gram. 

Packed: in polyethylene bag in hermetically sealed 
sanitary can containing 100 grams. 

30% Beta CAROTENE in vegetable oil — 500,000 
U.S.P. units of vitamin A activity per gram. In 
vegetable oil. Each gram contains 0.30 gram of beta 
carotene. 

Packed as follows: | pound (0.4536 kilo) and 3 
pounds (1.361 kilo) in Tripletite Tamperpruf metal 
can. 33 pounds (14.97 kilo) in steel pail, Synthetasine- 
lined, Leverlok Tamperpruf cover. 

24% Beta CAROTENE, Semi-Solid Suspension — 
400,000 U.S.P. units of vitamin A activity per gram. 
In vegetable oil. Each gram contains 0.24 grams of 
beta carotene. 

Packed: available in | pound (0.4536 kilo) and 3 
pounds (1.361 kilo) Tripletite Tamperpruf metal 
containers. 


Beta CAROTENE and Vitamin A Blends—Roche 
Beta CAROTENE and Roche Vitamin A (acetate or 
palmitate) are blended in vegetable oil according to 
your specifications. A range of potencies is available, 


Call Roche 


BOGOTA « 


AFFILIATED COMPANIES: BASEL © 
* MILAN 


MEXICO CITY 


Vitamins come RIGHT from Roche 


FINE CHEMICALS DIVISION HOFFMANN-LA ROCHE INC. 


Nutley 10, New Jersey: NOrth 7-SO0O0 


Roche Round The Worid 


* BUENOS AIRES GRENZACH (GERMANY) + HAVANA ISTANBUL + JOHANNESBURG * LONDON MADRID 


MONTEVIDEO © MONTREAL * PARIS * RIO DE JANEIRO + STOCKHOLM * SYONEY 


including high-potency blend with no oil dilution. 
Packed: in sealed, sanitary, batch-size cans. 


Beta CAROTENE Blends— Dilutions of Beta CARO- 
TENE Roche are made in vegetable oil. Minimum 
dilution, 6';, which is equivalent to 100,000 U.S.P. 
units of vitamin A activity or 0.06 gram of beta 
carotene per gram of blend. 

Packed: in batch-size, sanitary, sealed cans. 


Dry Beta CAROTENE Beadlets, Type 2.4-S— Water- 
dispersible, free-flowing beadlets. Each gram con- 
tains approximately 40,000 U.S.P. units of vitamin 
A as beta carotene. 

Packed: in polyethylene bags in fibre drums up to 
50 kilos. Also in polyethylene bags in one- and two- 
kilo Tamperpruf metal containers. 


USE IN FOODS 

Safe-Sure-Yellow-Pure. Roche Beta CAROTENE 
gives SAFE yellow-to-orange color and nutritional 
value to such foods as: 

Margarine—Salad & Cooking Oils—Mellorine & Ice 
Cream Products—Pie Crust & Cake Mixes—Shorten- 
ing—Baked Goods—Fruit Drinks, Fruit Juices & 
Concentrates—Puddings & Egg Yolk Products 
Frozen Foods — Gelatin Desserts — Confections 
Dessert Toppings — Popcorn — Cheese — Soups 
Creamed Foods. 

Safety Proven. Beta carotene, one of nature's 
own colors in foods, has been consumed for thou- 
sands of years. Despite this evident record of safety, 
Roche did not market its beta carotere until it had 
been tested over a long period of time for acute and 
chronic toxicity. These tests proved beyond doubt 
that Roche Beta CAROTENE is safe. 

Nutritive Value. Roche Beta CAROTENE is a pro- 
vitamin A. It is converted within the human body 
to vitamin A. 

Stability. Excellent stability has been demonstrated 
by extensive laboratory tests and years of widespread 
commercial use. 

True Color. Roche Beta CAROTENE gives foods 
true, natural-looking color without any tinge of 
green. No change to a reddish color happens during 
storage, as may occur with some vegetable pigments. 
Technical Service and Samples are yours for the 
asking. Your Roche salesman will help, or phone us. 


New York City: OXford 5-1400 
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A Photomicrographic Study of Mechanically 
Damaged Wheat Starch’ 


(Manuscript received December 10, 1959 


Tue DAMAGE that occurs to starch 
during wheat flour milling has long been known to 
be a factor influencing the baking properties of the 
flour. It has been shown that damage to the starch is 
largely responsible for differences in water absorp- 
tion, handling properties of the dough, sugar produe- 
tion and slackening during fermentation (2, 3, 5, 
11, 17). It also has been shown to affect loaf volume 
and the tenderness of the crumb (17). 

Recently, increased emphasis has been placed on 
starch damage and on methods for its determination 
(5, 18) because of the advent of new methods of wheat 
conditioning, impact milling, air classification of flour 
fractions, and continuous bread making procedures. 
The purpose of this paper is to show the character- 
istics of damaged wheat starch. In order to make this 
presentation reasonably complete, some previously 
published photomicrographs (13) are reproduced and 
rediscussed. 

The statement that a picture is worth 10,000 words 
is frequently repeated. This has been found to be so 
particularly true in respect to some physical charac- 
teristics of starch that in this laboratory photo- 
micrography and cinemicrography have become major 
methods of research and for the presentation of re- 
search data. 

The hardness of the wheat kernel is one of the im- 
portant factors affecting the damage to the starch 
granules during milling. Wheat kernels vary tre- 
mendously in hardness. The extremes of hardness and 
softness, as found in a vitreous durum and in a white 


Figure 1. Cross sections from hard and soft wheat kernels: 
A, durum, B, soft white wheat. 


wheat, are shown in the eross sections of kernels in 
Figure 1, All degrees of hardness between these ex- 
tremes are to be found in the milling wheats. 


“Published with the approval of the Director as Paper No. 
1000, Journal Series, Nebraska Agricultural Experiment 
Station. 


R. M. Sandstedt and 
Helen Schroeder 


University of Nebraska, Lincoln, Ne- 
braska 


The endosperm of the wheat kernel is composed of 
elongated thin-walled cells that are packed with 
starch granules; large and small granules in the same 
cell (12) (Figure 2). The space between starch 


Figure 2. Endosperm cells as found in a hard wheat flour; 
showing the large and small granules in the same cell (12). 


granules in the endosperm cell is filled with the dried 
protoplasm of the cell. This dried protoplasm con- 
sists largely of protein—the gluten of flour together 
with soluble constituents (which are mostly removed 
in washing gluten). The wide variation in character- 
istics of this protein mixture is responsible for the 
variation in hardness of the wheat kernel. In a hard 
wheat the dried protoplasm forms a strong union with 
the starch, binding the granules into hard vitreous 
cells, whereas in the soft wheats it forms a weak union 
with the starch. 

Hard wheat. Figure 3 shows the characteristic 
break-up of a particle of hard wheat endosperm when 
subjected to a shearing pressure (15). The elongated 
endosperm cells of the original particle (Figure 3A) 
tend to separate as individual cells (Figure 3B and 
Figure 2) ; that is, the breaks tend to follow cell walls. 
The cell walls of the mature endosperm are so weak 
and friable that they are of little consequence for 
holding the cell contents together (8, 15); however, 
they are of consequence in hard wheat milling because 
they are weak structures and therefore allow the cells 
of a hard endosperm to separate readily from each 
other during the early stages of milling without exces- 
sive damage to the cell contents. The protein-starch 
union is so tenacious within the cells of this type of 
endosperm particle that the cell contents tend to re- 
main intact; accordingly cells and fragments of cells 
constitute the greater share of the fiour from a hard 
wheat (8, 10) with limited amounts of free starch and 
protein. Because of the hardness, during the later 
stages of milling the starch granules on the surfaces 
of the cell fragments are given severe abrasive treat- 
ment as they go through the rolls of the mill and are 
crushed against each other. 


| 
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Figure 3. Breakdown of endosperm particles from a hard wheat when subjected to shearing pressure": A, particles produced dur- 
ing milling as found over a 70 GG bolting cloth; B, shearing pressure causes a separation of endosperm cells; C, fragmentation of the 


cells from further pressure. 


© Enlargements of selected frames from a motion-pieture film showing the effects of endosperm characteristics on milling properties (13, 15 


Soft wheat. In contrast to the hard wheats, the 
proteinaceous binding material in the soft wheats has 
little strength and forms a poor union with the starch. 
Accordingly when a soft wheat endosperm particle 
is subjected to a shearing pressure (Figure 4) the 
cells readily disintegrate, releasing free and for the 
most part undamaged starch granules (B and ©). In 
this type of endosperm particle, the cell structure is 
not evident. The resulting flour consists almost en- 
tirely of free “‘protein’’ particles and free starch 
granules (15). (This type of breakup permits an easy 
separation of high and low protein fractions of flour 
by air-classification methods.) The starch granules 
have been subjected to only slight strain and little 
abrasive action and therefore are relatively free from 
injury. 

The hard wheats may be given milling properties 
similar to the soft wheats by excessive tempering (15) 
and conditioning, i.e., by softening the protein of the 


cells. 


CHARACTERISTICS OF DAMAGED GRANULES 


Water absorption. The effects of granule damage 
on starch properties are readily demonstrated by the 
use of cinemicrographie techniques. Since damaged 
granules swell in cold water and are not likely to re- 
gain their original properties or appearance on re- 
drying, the granules to be used for such a study must 
be prepared from the flour without treatment with 
water. Those used for this particular illustration 
were prepared by differential settling from petroleum- 
ether suspensions of a severely damaged commercial 
flour (a flour that was unsatisfactory for baking pur- 
poses because of excessive starch damage ). 

A drop of a petroleum-ether suspension of the pre- 
pared starch was allowed to dry on a microscope slide 
and a cover glass was added. A drop of water was 
added at the edge of the cover glass (Figure 5A) and 
the camera was started, at 64 frames per second, just 
before the water flowed across the microscopic field of 


Figure 4. Breakdown of an endosperm particle from a soft white «*eat when subjected to shearing pressure: A, particle as found 
over the 40 GG bolting cloth; B and C, no cell structures notable during the disintegration from pressure. (See footnote 3). 
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MECHANICALLY DAMAGED WHEAT STARCH 


Figure 5. Procedure for wetting starch for the cinemicrographic study of water absorption 


: A, dry starch on a slide; a drop of 


water is being added at the edge of the cover glass; B and C, water flows under the cover glass as cinemicrographs are taken at 64 


frames per second. 


© Enlargements of selected frames from a motion picture showing the swelling and digestion of damaged starch (13, 16) 


view (Figure 5B As observed through the micro- 
scope, using transmitted light, the dry starch ap- 
peared as shown in Figure 6A. Figure 6B, shows the 
appearance of the field just as the water had crossed 
half of the field; the dark area across the field is the 
advancing edge of the water. It requires approxi- 
mately the lapse of time between two frames, 44 
second, for the water to cross the microscopie field ; 
accordingly, granule @ had been wet less than 0.016 
(%4) second as shown in Figure 6B. A comparison 
of A and B shows that in this short period there is 


little evidence of swelling; for comparative purposes, 
then, B shows the characteristics of the damaged 
granule before swelling. Figure 6C, shows the field 
30 frames (0.5 second) later. By this time swelling 
was practically complete. 

A normal starch granule when placed in cold water 
swells to only a limited extent. The extent of swelling 
varies from granule to granule but in general may be 
10% in diameter or 30 to 35% in volume (1, 6) 
(Figure 6, granules b and c). On the other hand, in 


hot water the granule gelatinizes, taking up 10 or 


Figure 6. Absorption of water by mill-damaged starch granules: A, dry granules; B, field half covered with water; no obvious 
swelling after this approximately 0.01 second’s exposure to the water (the water completely crossed the field in about 1/64 second); 
C, 0.5 second after wetting; swelling apparently complete. (See footnote 4). 
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Figure 7. Broken endosperm cell with half granules (arrows) 


showing on the broken ends; the other large particle is an entire 
immature cell. 


more times its weight of water. Supposedly the 
hydroxyls of a gelatinized stareh granule hold large 
quantities of water by hydrogen bonding (4). The 
adsorption of SO to 35° of water by undamaged 
granules indicates that the granules are readily per- 
meable to water, vet even after long-continued soak- 
ing the swelling does not progress beyond the approxi- 
mately 35° limit (7). However, if the granule is 
crushed or otherwise physically injured, it swells in 
cold water (2) in a manner similar to (but generally 
much less than) the swelling of the normal granule 
in hot water (Figure 6, granule d). 

Damage to the granule does not necessarily extend 
to all parts (2, 76). It may be a limited local damage, 
a damage rupturiig intermolecular bonds in a small 
segment (Figure 6, granule a), or it may extend 
throughout the entire strueture (granule d). The 
extensive swelling in water takes place only in the 
injured portion (Figure 6, granule a). Apparently, 
damage may not only be limited as to area but also as 
to degree in the area; few or many intermolecular 
bonds may be ruptured. According to the observable 
swelling, the damage to granule a was not limited to 
the apparent intensely damaged area to the left but 
also extends to a lesser degree into the remainder of 


& 


the granule. The degree of damage may be responsi- 
ble for wide variations in water absorption in doughs, 
not only in quantity of water absorbed but also in rate 
of absorption, 

Sectioned granules. ‘The granules shown in Figure 
7 (arrows) illustrate another type of damage that 
oceurs quite commonly in the milling of the hardest 
wheats. As a hard vitreous endosperm cell is broken, 
granules on the line of cleavage are held so firmly by 
the protein that they are split in two, a portion of the 
granule remaining in each piece of the cell. Figure 7 
shows a flour particle, an endosperm cell broken at 
both ends, with half-granules (arrows) on the broken 
surfaces produced in this manner. Figure 2. also 
shows a half granule (arrow) in endosperm 
particle. 

The difference in swelling of the two half-granules 
of Figure 8 indicates that the internal structure with- 
in the pieces may or may not be damaged (granule a 
does not swell, whereas b swells) ; the injury to a was 
limited to a very thin layer over the cut surface (2). 

Birefringence. The slight amount of damage to the 
internal structure of many split granules is shown in 
Figure 9. The birefringence and apparent absence of 
swelling in the half-granule @ and in the cracked 
granule are evidence that littke damage had been 
done to the internal structure. Granules ¢ and d had 
been more severely damaged with the damage varying 
in degree within individual granules; birefringence 
remained in small portions only. Some granules had 
lost all traces of birefringence, e¢. 

Staining with iodine. Grinding for a short time in 
a ball-mill produces damage of a very local nature as 
illustrated in Figure 10, granules g and h. This starch 
was stained with 0.0002N iodine. Liodine of this con- 
centration stains only the damaged starch (7). Un- 
damaged granules a, b,c, and d are not stained where- 
as the partially damaged granules g, h, and 7¢ only 
stain in the damaged portions. If the iodine is evenly 
distributed (excessive volume of the dilute iodine 
added to a small amount of starch) the intensity of 
staining indicates intensity of damage; note the 
shading from the highly damaged to the somewhat 
less damaged portions of granules e and f. Damage 
by ball-milling generally does not extend uniformly 
to all parts of the granule. 

Digestion of damaged starch. A normal starel 
granule not only has a limited swelling capacity but 


C 


Figure 8. Absorption of water by granules sectioned by milling: A, dry sectioned-granules, a and b; B, a and b wet less than 0.01 
second, no swelling; C, 0.5 second after wetting, swelling complete. (See footnote 4). 
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MECHANICALLY DAMAGED WHEAT STARCH 


oc 
Figure 9. Starch granules from a highly damaged wheat flour. The decreased intensity of birefringence in the individual granules 
indicates the degree of damage. 


is exceedingly resistant to action of digestive enzymes. 
Gelatinized granules have lost their resistance; cor- 
respondingly, injured portions of granules have lost 
their resistance to enzyme action. 

By the combination of high-speed and lapsed-time 
cinemicrography, both the swelling and digestion of 
damaged starches may be shown by flooding the starch 
with an enzyme solution (16). The swelling is rapid, 
just as with pure water. The digestion is subsequent 
to and slower than the swelling; accordingly, after 
the allowance of 1 second (at 64 frames per second) 
for completion of swelling, the camera speed is 
changed to correspond to the slower rate of the subse- 

Figure 10. Starch, damaged by ball-milling, stained with quent digestion. (This may vary from 8 frames per 
0.0002N iodine; damaged portions stain. second to 1 frame in 4 or more seconds. ) 


Figure 11A, shows a field of mill-damaged granules 


Figure 11. Swelling and subsequent digestion of mill-damaged granules flooded with a 1:5 malt extract: A, immediately after 


wetting (about 1/64 second) before swelling had started; B, 1 second after wetting; swelling complete; C, 30 minutes after wetting, 
digestion of damaged sections apparently complete. (See footnote 4). 
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just after being wetted (before swelling had started ) 
with a 1:5 wheat-malt extract. Swelling was ap- 
parently complete in 1 second (B) with, as yet, little 
if any evidence of enzyme action. At the end of 30 
minutes (C) the rapid stages of digestion were com- 
plete; the almost wholly damaged granule a had vir- 
tually disappeared, whereas only the locally damaged 
portions of b and ¢ had digested. The damaged starch 
was rapidly digested, whereas the undamaged por- 
tions were resistant. The resistance to further diges- 
tion of the remaining pieces of partially damaged 
granules is generally quite variable, some pieces be- 
ing as resistant as intact uninjured granules. Such 
evidence indicates that more information concerning 
the internal structure of the granule is necessary be- 
fore the characteristics of the granule can be satis- 
factorily explained. The subsequent and much slower 
attack on the undamaged starch would become evident 
after longer periods of action. (Figure 17). 

Beta-amylase action on damaged starch. [eta- 
amylase has no action on undamaged starch granules 
(14, 19); however, it readily digests boiled starch 
yielding about 60% maltose and 40% residual dex- 
trins. Starch granules that have been severely dam- 
aged, e.g., starch that has been subjected to several 
days of ball-milling, also yields nearly 60% maltose 
when treated with B-amylase, although the action is 
very much slower than on boiled starch. If the aetion 
of B-amylase on ball-milled starch is followed by a 
cursory microscopic examination, little if any change 
is noticed. However, a comparison of before-and- 
after photomicrographs shows that though the dam- 
aged granules retain their shape and general appear- 
ance they become more transparent and considerably 
smaller (13), 

Figure 12 shows the shrinkage, during 70 hours of 
B-amylase action, of granules that had been given a 
16 hour ball-milling. Granules a and 6b which still 
retained considerable birefringence, showed little 
shrinkage whereas c, and the other granules, with 


only birefringent fragments, were noticeably smaller 
after the digestion. It should be noted that B-amylase 
action is not responsible for all of this shrinkage. In 
the absence of B-amylase a similar shrinkage, although 
considerably less, occurs on mere soaking of such 
highly damaged granules. This supposedly is due to 
the solubilization of starch molecules and portions of 
molecules that are freed by the breaking of inter- 
molecular (as well as molecular) bonds (9). 

It is noteworthy that wheat starch granules still 
retain a simulation of granule form after such severe 
physical treatment. (Under continued grinding the 
granules eventually are disintegrated.) Even though 
they have lost all birefringence, are partially soluble 
(9), and as observed in water suspension are highly 
swollen and transparent, they still retain enough 
structure to hold together as individual granules: 
The structural bonding is strong enough to shrink 
the granule as substance is removed by digestion 
(Figures 12 and 14). 

Damage to wet starch. The damage shown pre- 
viously was occasioned by shearing pressures and 
strain applied to air-dry starch, ie., starch containing 
less than 15% moisture. Granules in an excess of 
water are subject to these and also to other types of 
damage. 

Figure 13 shows a wheat starch granule in water 
before (A) and after (C) pressure at a 90° angle was 
applied to the microscope cover glass. The swelling 
and loss of birefringence is evidence of the damage. 
The middle, or thicker portion, of the granule re- 
ceived the greatest amount of the pressure and was 
severely damaged. The periphery, because of its be- 
ing somewhat thinner, received little of the direct 
pressure from the cover glass but was torn apart by 
the outward pressure occasioned by the application of 
pressure to the thicker middle. The fragments  be- 
tween the radial rifts in the periphery retained much 
of their birefringence (Figure 13D) and much of 
their resistance to digestion (Figure 14). The granule 


Figure 12. Digestion of damaged granules by 5-amylase. Wheat starch, ball-milled 16 hours, treated with S-amylase solution: A, 
about 5 minutes after adding the S-amylase; B, after 70 hours digestion, showing the shrinkage of the non-birefringent granules; C, 


between crossed polaroids. 
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Lake 
Or Ba 
Torula Yeast 


Which will spark more sales of your 
product...flavor or nutrition? Lake 
States offers you a choice of two ingredi- 
ents: nutritional U.S.P. Dried Torula 
Yeast and flavorful hickory-smoked Bakon 
Yeast. At economical cost, Lake States can 
help you boost your share of the market 
with a new or improved product. 


LOW COST NUTRITION 

WITH TORULA YEAST 
If your product already possesses a desirable 
taste, you can increase sales at low cost by 
adding Lake States Torula Yeast as a nutri- 
tional ingredient. Many food and drug manu- 
facturers already use Torula either as an 
ingredient or as a base to attain a higher nu- 
tritional level in their products. Some exam- 
ples: baby foods, institutional foods, seasoning 
blends, pharmaceuticals. 

Your product can reap the sales value of 
important nutritional factors with Lake States 
Torula Yeast. Torula is high in protein (50% 
minimum), a rich source of lysine and all 
the amino acids of meat; Torula is a reliable 
source of the entire vitamin B complex, also 
containing essential minerals such as calcium, 
iron, phosphorus and iodine. 


TORULA 

gives your product vital 
nutrition to increase sales. 
BAKON 

gives your product an exciting 
bacon-like taste plus mutrition 
for greater sales appeal. 


Lake States 


Food technologists appreciate the fact that 
Lake States Torula Yeast is produced from 
sterile media under vigorous and constant 
quality control. Thus, Torula is noted for its 
purity, uniformity, stability and long shelf 
life. Torula blends well with most products 
and is bland in flavor. 


EXCEPTIONAL FLAVOR 
WITH BAKON YEAST 


Perhaps the strongest sales appeal of your 
product is taste. If you would like to enhance 
your product's flavor, or if your product needs 
a new taste, consider the genuine hickory- 
smoked flavor of Bakon Yeast. A number of 
leading food processors have found hickory- 
smoked Bakon Yeast an ideal flavoring in- 
gredient (and high in nutrition, too) for 
their products. Examples: baby foods, cheeses, 
spreads, nibbling foods, crackers, stews and 
vegetables, soups, spice mixes and seasoning 
blends. Taste tests have disclosed Bakon Yeast 
to be superior to even a natural bacon flavor. 


DUAL VALUE OF BAKON YEAST 
IN MARKETING A PRODUCT 
Bakon Yeast is 100% hickory-smoked Dried 
Torula Yeast U.S.P. and as such contains all 


the nutritional values of Torula. This pre- 
sents your product with a double value which 
your marketing experts can put to optimum 
advantage: flavor plus. 

Bakon Yeast, Inc., the original producer of 
smoked yeast, has joined Lake States, Amer- 
ica's pioneer and leading producer of Torula 
Yeast. With expanded production facilities at 
Rhinelander, Wisconsin Bakon customers are 
assured prompt delivery from fresh stock. 
Nutrition from one low cost ingredient... 
Bakon Yeast. If yours is a specialty product, 
consider the fact that Bakon Yeast is salt-free 
and contains no starch, sugar, meat or meat 
extract; Bakon meets requirements for low 
sodium diets. Furthermore, Bakon Yeast is 
stable, uniform, and conforms to all FDA 
regulations. 


YOUR BEST PROOF 


The most convincing facts on the advantages 
of incorporating either Torula Yeast or Bakon 
Yeast in your product is the aggregate of food 
and drug firms which are now marketing 
Bakon-flavored or Torula-enriched products. 
But make your own test. Send for compli- 
mentary test samples (specifying Lake States 
Torula or Bakon Yeast) to Lake States, Dept. Fl 


Lake States 


LAKE STATES VEAST AND CHEMICAL 
DIVISION OF ST. REGIS PAPER COMPANY 
RHINELANDER, WISCONSIN 


SALES OFFICE: 420 Lexington Ave., New York 17, N.Y. or W. Glenn 
Wunderlty Company, 232 North Lake Avenue, Pasadena, California 
Dillons Chemical Company, Ltd.. Montreal and Toronto, Canada 
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Figure 13. Damage produced by pressure applied to a granule 
suspended in water: A and B, original granule and its bire- 
fringence; C and D, after pressure was applied to the cover glass. 


Figure 14. Digestion of a granule damaged by pressure applied while the granule was in a solution of pancreatic amylase: A, 


of Figure 14 was crushed in a solution of pancreatic 
amylase. Granules of this type shrink (C) as the 
middle portion digests leaving the pieces of the rim 
drawn together by the residual structure; the residual 
material has less diameter than that of the original 
granule, 

In some cases the rifts occur on the surface of the 
middle portion of the granule rather than in the 
periphery ; such damage gives the surface a scratched 
appearance (Figure 15A). When this type of damage 
occurs the middle section retains much of its  bire- 
fringence (Figure 15B), ie., a rift in the granule 
apparently relieves the strain, thus the actual result- 
ing damage to the structure is less. 

It is surprising that granules as severely damaged 
by pressure as those shown in Figure 13 and 14 do not 
stain with 0.0002N iodine, even though injured while 
in the iodine solution (7). Such resistance to stain- 
ing indicates that the severe damage to the granule 
structure was limited to the interior of the granule; 


original granule; B, 10 minutes after application of pressure; C, after 18 minutes of digestion; D, after 2 hours of digestion. 
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Figure 15. Damage from pressure on wet granules resulting in cracks in the surface of the granules. Such injured granules retain 


much of their birefringence. 


Figure 16. Digestion of a granule presumably damaged by unintentional pressure on the cover glass (13): A, before digestion; 
B, early radial digestion from the periphery; C, rapid digestion of the middle section; D, late stage of digestion. 


Figure 17. Amylase action on injured granules (13): A, suspended in 1:20 malt extract; B, after 1 hour; C, after 24 hours; D, 


after 48 hours, 


that the outer surface was not damaged except for the 
obvious rifts. Apparently the rifts are not deep 
enough to allow the iodine to penetrate into the highly 
damaged interior. 

The periphery, though badly torn, does not. stain. 
This, together with the retention of birefringence 
(Figure 13) and resistance to digestion (Figure 14), 
indicates that structural injury caused by tearing or 
cutting the granule is frequently limited to a thin 
layer over the newly exposed surfaces; the internal 
structure remaining intact (Figure 8). 


It seems probable that wet starch may be damage: 
internally by pressures less than are required to cause 
obvious external injury, i.e., pressures that would 
cause no rupture of the periphery may cause dis- 
organization of the internal structure in the middle of 
the granule. Granule a of Figure 16 is assumed to 
have been injured in this way. The enzyme entered at 
the periphery (Figure 16B) as is normal for un- 
injured granules. However, the entire middle section 
was susceptible and digested rapidly after the enzyme 
had penetrated through the external layers (C). This 
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type of injury may result from pressure on the cover 
glass during the preparation of a slide. For compari- 
son, granule b shows a pattern of digestion that is 
commonly observed in undamaged gra..ules (13). 

Shearing pressure. Shearing pressure can be ex- 
ceedingly severe to wet granules; it may result in 
apparent complete loss of well organied structure 
(complete loss of birefringence ). 


SUMMARY 


Normally, starch granules are subjected to various 
types of damage during milling (whether the milling 
is wet or dry) ; crushing, tearing and abrasion. These 
lead to many types of injury, some of which are illus- 
trated in this paper. Figure 17, malt amylase action 
on a wheat starch that had been ball-milled for one 
hour, is presented as a summary and as a means of 
bringing together into one picture the rapid swelling 
and digestion of damaged starch in comparison to the 
very slow subsequent digestion of undamaged por- 
tions of the granule. 

Figure 17A, illustrates the distinctly loeal charac- 
ter of the water absorption and digestion that takes 
place in injured portions of granules (arrows). Di- 
gestion of this highly swollen damaged starch was 
apparently complete before the end of the first hour 
(B). As with the swelling, the rapid digestion was 
limited to the areas of damage. In the case of a small 
local injury, such as that on granule a, digestion was 
confined to the local point of injury and did not 
extend further inward. On the other hand, an injury 
may involve much or all of the granule (Figures 9, 
12). In granules b, ¢ and d the injury was unevenly 
distributed throughout the granule. 

These observations indicate that the degree of in- 
jury to the granule structure varies widely and, cor- 
respondingly, granule swelling, solubility and digesti- 
bility (by either a- or B-amylase) also vary. 
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Effect of Electron Beam Irradiation on the 


Microbial Content of Spices and Teas° 


(Manuscript received November 16, 1959 


Spr ES ARE KNOWN to be contami- 
nated to varying degrees with mold spores, yeasts, 
bacteria and sometimes with insects. This contamina- 
tion represents a potential source of trouble when tne 
spices are incorporated into food preparations such as 
sausages and other ready-to-serve meats. To eliminate 
this possible cause of spoilage raw spices are generally 
treated to reduce the microbial and insect content. 
It is also obvious that heat sterilization would cause 
an appreciable loss in the content of volatile oils and 
other flavoring components in the spices. According 
to a publication of the Institute of Meat Packing (7) 
ethylene oxide and carbon dioxide are used in gas 
purification treatments to reduce the microbial con- 
tamination and methyl bromide is used for insect 
infestation control. Proctor ef al (5) and Pohja (4) 
have reported on the microbial contamination of 
spices and of other food materials. Proctor ef al (5) 
have also shown that cathode rays very markedly 
reduced or completely eliminated the bacterial con- 
tent of a number of spices and condimental herbs. At 
a dosage of 1.33 x 10° rep more than 99.9% of the 
organisms were killed by exposure to the cathode rays 
from a Van de Graff instrument. Robinson ef al (6) 
obtained similar results with soft X-rays. They fur- 
ther reported that pepper lost some of its flavor with 
a dose of 1.5.x 10° rep. Ina series of 8 papers by Hall 
and coworkers (3) the effect of ionizing radiations on 
spices was presented. This work, done under contract 
with the U. S. Army Quartermaster Corps, is not 
generally available. The sterilizing action of the ioniz- 
ing radiation on the spices was reported, as well as a 
change in the sensory characteristies of black pepper 
and cinnamon, 

In the present report data are given on the effect 
of exposure to 2 megarep from a resonant transformer 
electron beam generator on the microbial content of a 
variety of spices, condimental herbs and some teas." 


MATERIALS AND METHODS 


Products. The spices and teas were representative commercial 
preparations packed in glass jars and cardboard cartons, re 
spectively, from one source, 

Treatment. The material was shipped by the processor to the 
Milwaukee facility of the General Eleetrie Company. The vari 
ous samples were then irradiated in polyethylene bags, partly 
refilled into the original containers and partly left sealed in 
the polyethylene bags. All samples, including unirradiated 
coutrols, were then shipped to the laboratory for examination, 


' Presented at the 19th Annual Meeting of the Institute of 
Food Teehnologists, Philadelphia, Pa., May 18, 1959. 

"The irradiation was performed by the General Eleetric 
Company at their laboratory in Milwaukee, Wisconsin, The 
assistance and cooperation of the company personnel is grate 
fully acknowledged. 


Peter A. Lerke and Lionel Farber 


Geo. Williams Hooper Foundation, 
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Microbial counts. The counts were made by suspending 250 mg 
to lg of material in 3 to 5 ml of saline. The mixtures were 
shaken at least 10 times, and after 5 min exposure, allowed to 
settle and the supernatants used. For the leafy products 0.01% 
of Tween 80 was added to the saline to aid the contact of the 
leaves with the liquid. Controls showed that the Tween 80 had 
no effect on the counts. Suitable dilutions of the supernatants 
were spread on the surface of tryptone-glucose-extract agar for 
the bacterial counts and of wort agar for the mold and yeast 
counts. The plates were incubated at 31°C for 48 hr before 
being counted. In the samples where relatively few organisms 
were found the undiluted supernatants were added to the Petri 
plates and the pour plating proceedure was used. 

Volatile reducing substances (VRS) determination. The re 
circulating apparatus and procedure previously deseribed by 
Farber and Ferro (7) was used. One gram of produet was 
usually aerated into 10 ml of about 0.025 N potassium perman 
gaunate in N sodium hydroxide solution. For all except the 
ten samples a 10 min aeration period was used, whereas for 
the teas a 40 min aeration period was used. 


RESULTS 


Results of the irradiation on the microbial content of the 
sumples are given in Table 1. For ease of presentation the 
counts shown in the table represents the actual counts divided 
by 1000, Some illustrative data on the VRS content of the 
irradiated products are shown in Table 2.) These data are 
included merely to show that an estimation of the volatile 
material content of such aromatic or pungent produets as 
spices and condimental herbs is possible with the VRS pro 
cedure, Sinee the aeration is carried out at ambient tempera 
ture on the product with no additions or other transformations, 
it parallels the sensory judgment that is performed under 
similar conditions. 


DISCUSSION 


It is evident from Table 1 that the various spices, 
condimental herbs and teas could be practically or 
completely freed from microbial contamination by 
exposure to 2 megarep of irradiation from the electron 
beam generator. Some of the products sampled were 
apparently more heavily contaminated than others. 
These included the allspice, black pepper, paprika 
and some of the orange pekoe and pekoe and green tea 
samples. All of the products were apparently freed 
from microbiat content except the leafy oregano and 
sweet basil and some of the cayenne pepper and one 
of the chili powder samples. However, even in these 
cases the remaining microbial count was relatively 
insignificant. 

The effect of the irradiation treatment on the sen- 
sory characteristics of the various products was gen- 
erally not studied in any detail. However, in a few 
cases definite effects were observed. The untreated 
black pepper had the characteristic combination of 
fragrant aromatic component and the tingling, pun- 
gent ‘‘peppery’’ effect. In contrast to this, the irradi- 
ated black pepper had apparently lost most of the 
aromatic (‘‘turpentine-like’’) component and only 
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FOR CANNED FRUIT PIE FILLINGS 


FOR FROZEN FRUIT AND MEAT PIES 


NEW STANDARD IN STABILIZERS 


COL-FLO 67—canned or frozen—never imparts an 
undertone of cereal taste. Never interferes with nat- 
ural food flavors. 


UNMATCHED STABILITY. Col-Flo 67 safeguards 
and improves stability. All tests show far greater re- 
sistance to freeze-thaw breakdown than wheat flour 
or other waxy starches. 


750 Third Avenue, New York 17 


3641 So. Washtenaw Avenue, Chicago 32 


EXCELLENT CLARITY. Col-Flo 67 doesn't cloud nat- 
ural colors between processing and eating. An ap- 
pealing crystal clear glossiness highlights your food 
product. 


A simple taste comparison quickly emphasizes the 


advantages of tasteless Col-Flo 67. Write for details, 
telling us something of the use you have in mind. 
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@ An increasing number of bakers, canners, meat packers and other food processors now specify 
Sterling Purified Salt in all their operations. Always more than 99.9% pure sodium chloride (less than 
30 ppm calcium and magnesium, less than 0.2 ppm trace metals), this remarkable product also offers the 
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EFFECT OF IRRADIATION ON MICROBIAL CONTENT OF SPICES, TEAS 


TABLE 1 


Effect of beta irradiation on the microbial content of spices, condimental herbs and 


Before 


Product 
Bacteria 


Range 


Oregano leaves...... 0.16—-16.4 
Sweet basil leaves.... 6.48-—62.72 
Allspice.... 207.56—584.80 
Cinnamon ‘ — 0.096 54 
Nutmeg 4 ‘ 0.42-4.67 
Black pepper..... 18.999.—49,998 29,000 
Cayenne pepper...... 1.15-3.47 2.3% 
Chili pepper................ ore 3.9-9.0 6 
Green tea ° ove 24.00—-181.95 78.00 
Orange pekoe tea... 0.900-—60.00 34.31 
Oolong tea 3 2.39-—4.45 3.27 


i) 


a 


had the tingling, pungent, irritating component, which 
was also somewhat reduced in intensity. The VRS 
content also indicated this decrease in sensory stimu- 
lation intensity. The unirradiated black pepper had 
a VRS content of 156.0 mieroequivalents of reduction 
per gram, whereas the irradiated pepper, as shown in 
Table 2, had a VRS content of 58.8. Another instance 
of change in sensory characteristics resulting from 
the irradiation treatment was noted in the case of the 
cinnamon samples. The irradiated cinnamon had lost 
most of the pleasing aromatic component and was left 
with a more medicinal type of odor, which, however, 
was quite strong in intensity. Similarly the cloves 
had a somewhat weaker characteristic odor complex 
after the irradiation. In this case the VRS contents 
before and after irradiation were 173.0 and 147.0 
microequivalents per gram. The usefulness of the 
VRS procedure as an aid in the odor evaluations of 
the products was brought out by these essentially 


TABLE 2 


Volatile reducing substances in irradiated spices, condimental 
herbs and teas 


VRS 
Product Microequivalents 
reduction per gram 


Allspice...... 115.! 
Cloves..... . 147. 
Cinnamon..... ‘ 132 
Nutmeg.......... 86 
Sage..... 65 
Sweet basil..... 69 
Oregano........... 53 
Black pepper. 
Chili pepper.... 
Cayenne red pepper 
Black-orange pekoe 

and pekoe tea... 
Green tea............ 
Oolong tea........... 


Ten-minute aeration period for all samples except the teas, which were 
aerated 40 minutes. 0.025 N KMn0O« solution was used. 


Microorganisms per gram x 10-8 
After 


Yeasts and molds Bacteria Yeasts and molds 


Range Range Av. 
5.84-—49.64 
0.720—1.28 
0.80-1.36 
2.44-—5.20 
24 
0 
0-1 
0.30—4.68 
0.516—-1.13 
0.048—0.132 
0.—0.003 001 0—-0.006 
0.048-—0.216 098 0 
0—0.048 024 0 
0 
0.012—0.048 027 0 


0-0.024 0.012 
0—0.072 0.034 


exploratory studies. Those interested in the evaluation 
and quantitation of odors of such products as spices 
and other condiments could find the VRS procedure 
of use in their studies. 


SUMMARY 


The effect of a dose of 2 megarep of irradiation from 
a resonant transformer electron beam generator on 
the content of bacteria, yeasts and molds of oregano, 
sweet basil, sage, allspice, cinnamon, cloves, ginger, 
nutmeg, of black and cayenne peppers, of chili powder 
and of paprika has been determined. The microbial 
populations of the products have been completely 
eliminated or have been reduced to insignificant levels. 
Some effects of the irradiation treatment on the odors 
and content of volatile reducing substances have been 
discussed and exemplified. In the few products 
studied there was a noticeable change in the type of 
odor complexes noticeable sensorily and in their con- 
tent of VRS. 
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Effect of Variety and Maturity of Fruit on 
Acetylmethylcarbinol and Diacetyl 
Content of Fresh Citrus Juices 


Manuscript received December 17, 1959 


and dia- 
cetyl in citrus juice are detectable by colorimetric 
methods based on the Voges-Proskauer reaction ; 
Byer (1) and Hill et al (3, 4) detailed methods of 
analysis. Lactie acid bacteria, especially Lactobacillus 
and Leuconostoc, are active producers of these sub- 
stances in citrus juices. During the evaporation of 
juice in the manufacture of orange concentrate, a 
build-up of these microorganisms may occur and. re- 
sult in an accumulation of diacetyl which, because of 
its characteristic odor and taste, may produce an un- 
desirable ‘‘buttermilk’’ off-flavor. Since acetylmethyl- 
carbinol and diacetyl are metabolic products of micro- 
organisms, any increase of these compounds in juice 
would indicate increased microbial activity. The 
diacetyl test, sufficiently sensitive to both acetyl- 
methylearbinol and diacetyl, gives adequate warning 
of increased microbiological activity in juice during 
concentration so that proper measures may be taken 
to prevent spoilage of the product. Hill and Wenzel 
(4) have discussed the application of this test in com- 
mercial operations. 

During the examination of many commercial sam- 
ples of frozen orange concentrate, it was observed 
that the diacetyl values for products processed from 
oranges harvested late in the Valencia season tended 
to be higher than those for concentrates packed early 
in the Valencia season. This observation indicated a 
need for further analyses. Therefore, a large number 
of freshly extracted citrus juices from different va- 
rieties of fruit were tested. Some samples gave nega- 
tive tests while other samples of good flavor gave 
diacetyl values as high as 7 ppm. These diacety! 
values also appeared to be influenced by both the 
variety and maturity of the fruit. Acetylmethylear- 
binol has been reported as naturally oceurring in 
other products, such as grapes (2), soybean sprouts 
(8), germinating grains (7), bread and malt (6), 
roasted coffee beans (5, 9, 10), tobaeco smoke, roasted 
coffee, butter, beer, and honey (9, 10). 

The principal purpose of this investigation was to 
determine the effect of variety and maturity of fruit 
on the acetylmethylearbinol and diacetyl content of 


freshly extracted citrus juices as indicated by the’ 


diacetyl values. 


EXPERIMENTAL PROCEDURE 


Six trees of each of the folloing citrus varieties were se 
lected: Hamlin, Pineapple, and Valencia oranges; Daney tan 


“Cooperative research by the Florida Citrus Commission and 
Florida Citrus Experiment Station. Florida Agricultural Ex- 
periment Station Journal Series, No. 1056. 


E. C. Hill, F. W. Wenzel, and 
R. L. Huggart 


University of Florida Citrus Experiment 
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gerine; Duncan (seedy) and Marsh (seedless) grapefruit. To 
obtain a representative sample of fruit from the trees of each 
variety, picking was started at the north position of tree No. 
1, west position of tree No. 2, south position of tree No, 3 and 
so on, The fruit within a segment, the width of a ladder, was 
picked from top to bottom, inside and outside. Each succes 
sive picking was adjacent to and counterclockwise to the pre 
viously sampled area. Two boxes of fruit of each variety were 
picked at intervals of 2 weeks. Sampling was begun before the 
fruit was ripe and continued until the fruit reached advanced 
maturity. The initial and final dates of harvesting are given 
in Table 1, 

A Food Machinery In-Line extractor and a Chisholm-Rydet 
Sepro-sieve serew finisher were used for extraeting and finish 
ing the juice. After thorough mixing of the juice, the Brix 
value, total acid, recoverable oil, pulp content, and pH were 
determined by the usual methods (17, 12). 

The following procedure was used for determining the 
diacetyl value. Three hundred ml of freshly extraeted juice 
was distilled and the first 25 ml of distillate collected. Ten 
ml of distillate was placed in a large test tube; to this was 
added 5 ml of a 5% solution of alpha-naphthol in 950% ethy! 
alcohol and 2 ml. of a 40% KOH solution containing 0.3% 
creatine. The tube was stoppered and shaken 15 see, allowed 
to stand 10 min, and shaken again for 15 see. A reagent blank 
was run in the same manner simultaneously using distilled 
water in place of distillate. The intensity of the color produced 
was determined on a Fisher Electrophotometer equipped with 
a No, 525 filter and a cell with a diameter of 7 mm. The 
reagent blank was used to null the colorimeter. Although the 
test is sensitive to both acetylmethylearbinol and diacetyl, the 
results are expressed as ppm of diacetyl in the distillate. 


RESULTS AND DISCUSSION 
Data showing the effect of variety and maturity on 
the diaeetyl value of juices from the various varieties 
of citrus fruit are presented in Figures 1 and 2. 
/ 
PINEAPPLE ORANGE 


o----0 VALENCIA ORANGE 
*—-—« MARSH GRAPEFRUIT 


DIACETYL VALUE-PPM 


i 


24 6 8 12 20 22 24 26 28 
FREQUENCY OF EXAMINATION-WEEKS 


Figure 1. Diacetyl values of juices of Pineapple orange, 
Valencia orange, and Marsh grapefruit picked and extracted at 
two week intervals. 


4 
i 


we ° 5 | 
ij 
| 
i 
7 
wt 
| 
+t 
j 
4 
y 
¥ 
3 
/ 
Bs 
| 
| 
f 268 


ACETYLMETHYLCARBINOL AND DIACETYL CONTENT OF CITRUS JUICES 269 


TABLE 1 
Maximum and minimum values for some characteristics of juices from different varieties of citrus fruits 


Initial and final dates of harvesting for 


Hamlin oranges Pineapple oranges 


Dee. 10—Mar, 28 Dec. 17—May 23 


Brix value-degrees 10.3 11.6 
Acid as citric-% 0.98 0.65 
Brix/acid ratio 10.5 —16.9 
pH 5.6 3.9 
Recoverable oil, % by vol T ace—0.01 
Pulp, % by vol 7.0 10.0 


Dates do not necess: 


~——~ HAMLIN ORANGE 
TANGERINE 
*— -—* DUNCAN GRAPEFRUIT 


DIACETYL VALUE-PPM 
- 


2 4 6 8 10 12 14 16 18 20 22 24 26 28 
FREQUENCY OF EXAMINATION- WEEKS 


Figure 2. Diacetyl values of juices of Hamlin orange, Dancy 
tangerine, and Marsh grapefruit picked and extracted at two 
week intervals. 


The diacetyl values of Pineapple orange juices in- 
creased with maturity from a minimum of 0.7 to a 
maximum of 4.0 ppm. Although the last sample of 
the Pineapple orange juice showed a low acid content 
of 0.66% , a Brix/acid ratio of 19.8, and pH 4.1, the 
low total bacterial count of 4,200 for this juice, when 
plated on dextrose agar, indicated that the compara 
tively high diacetyl] value of 4.0 ppm was due to fac- 
tors other than bacterial growth. Also, since there 
was no off-flavor in this juice indicating that diacetyl 


was not present in significant quantity, the high 


diacetyl value of 4.0 ppm was most probably due to 
the flavorless acetylmethylearbinol. 

The juices of Valencia oranges showed increases in 
diaeetyl values similar to those from the Pineapple 
oranges. Staring in the early part of the Valencia 
season, with a diacetyl value of 0.9 ppm in the distil- 
late from the juice, the diacetyl] value increased to a 
high of 2.6 ppm during the last part of the season. 
The microbial count of the final sample of Valencia 
juice, as in the ease of the Pineapple orange juice, was 
also low with 8,000 colonies per ml of juice when 
plated on dextrose agar. It should be pointed out that 
although inereases in diacetyl or acetylmethylear 
binol content were 3- and 6-fold for the Valencia and 
Pineapple orange juices, these increases were neither 
as high nor did they oceur as rapidly as expected. 
Previously, in other random samples of Valencia and 


Valencia oranges 
Feb. 14—July 18 Jan. 1—July 18 Jan 


each variety 


Marsh grapefruit Duncan grapefruit Dancy tangerine 
i—July 18 Dec. 10—Mar, 14 


7.9 9.4 4 10.2 
1.52— 0.9 7 1.28 
5 5.5 — 8.1 7.9 


3.2 3.3 - 


1.005 Trace—Trace 0,.040—0,090 


a0 0 7.( to 10.0 7.0 20.0 


irily correspond to maximum and minimum values shown 


Pineapple orange juices, higher diacetyl values at 
more acceptable Brix/acid ratios had been found. 

The diacetyl values of Marsh grapefruit juices in- 
creased from a low of 0.1 to a final value of 2.8 ppm. 
The diacetyl values for both Marsh and Dunean 
grapefruit juices advanced to higher levels than was 
expected or had prev iously been found for juices from 
sound grapefruit. The colony counts on dextrose agar 
for the final samples of Marsh and Dunean grapefruit 
juices were 51,000 and 17,000 per ml, respectively. 
The microbial counts were not considered objection- 
able in any of these juices. 

The tangerine juices showed only small differences 
in diacetyl values throughout the season. The values 
ranged from a minimum of 0.0 to a maximum of 
0.6 ppm as shown in Figure 2. The data for Hamlin 
orange and Duncan grapefruit juices are also pre- 
sented in this figure and although the results were 
very erratic, there was an upward trend in the values 
as the fruit became more mature. Diacetyl values 
found in the juices from Hamlin oranges ranged from 
a minimum of 0.3 to a maximum of 1.7 ppm; those of 
Dunean grapefruit juices ranged from 0.0 to 2.0 ppm. 

Ranges for some of the characteristies of the freshly 
extracted juices from the different varieties of fruit 
are shown in Table 1. It was usually found that the 
diacetyl values were higher in those juices from the 
same variety which were lower in acid and higher in 
srix/acid ratio and pH. Thus, in general, the diacetyl 
values varied with the juice characteristics which 
change as the fruit matures. 

Recoverable oil and pulp content of the juices were 
also determined to see if any relationship existed be- 
tween these characteristics and the diacetyl values, 
but none was evident from the data obtained. Also, 
the results showed no relationship between fruit ma- 
turity and the recoverable oil or pulp content of the 
juices, with the exception of the pulp in the Daney 
tangerine juices which consistently inereased with 
maturity. Variations found in the amounts of re- 
coverable oil and pulp could have readily been caused 
by certain limiting factors inherent in the analytical 
procedures when they are applied to freshly extracted 
citrus juices. 

SUMMARY 

Diacetyl values, indicative of acetylmethylearbinol 
and/or diacetyl, were determined for freshly extracted 
juices of Hamlin, Pineapple, and Valencia oranges, 
Daney tangerines, and Dunean and Marsh grapefruit, 
which were harvested at intervals of 2 weeks through- 
out the season for each variety. 


14. 
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Results indicated a definite effect of both fruit 4. Huu, E. C., anp Wenzet, F. W. The diacetyl test as an 
variety and maturity on the diacetyl value of fresh aid for quality control of citrus products. I. Detection 
it Pi | iv hes of bacterial growth in orange juice during concentra 
eitrus julces, _ Pineapple an ale neia orange an tion. Food Technol., 11, 240 (1957). 
Marsh grapefruit juices showed definite and con- 5. Hvenes, E. B., aNp Surrue, R. F. Volatile constituents of 
sistent imereases in diacetyl values as the fruit ad- roasted coffee. J. Soc. Chem. Ind. (London), 68, 322 
vanced in maturity. Daney tangerine, Hamlin orange, _ (1949). ee 
6. Krerovicu, V. L., Tokareva, R. R. Volatile aromatic 
and Dunean grapefruit juices showed an upward 
constituents of bread and malt. Doklady Akad, Nauk. 
trend in diacetyl values, although the data for indi- S.S.8.R., 69, 231 (1949). 
vidual juice samples were erratic. The diacetyl values 7. Lemoiane, M., AND MonauiLion, P. Presence de |’acety! 
were due most probably to acetylmethylearbinol. A methylearbinol et du 2,3-butyleneglyeol chez les plantes 
high diacetyl value of freshly extracted citrus juice supieures. Formation au cours della germination. 
. f ith Compt. rend., 190, 1457 (1930). 
name give seers indication 0 maturity wit rout re ect 8. Mer, S. Carboxylase in soybean sprouts. Arch. Biochem., 
ing the quality of the juice as to flavor or microbial 32, 139 (1949). 
content. 9. ScuMALruss, H., AND BartTHMeEYeR, H. Diacetyl as an 
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The Technical Breakthrough 
Sought The Baking Industry 


For Over 28 Years 


Durkee Discovers the Method For 
Producing a Fluid Emulsifier Shortening 


Since emulsifiers were first introduced to the 
baking industry over 28 years ago, product 
development and production men looked to 
the day when a simple turn of a valve would 
release a fluid emulsifier shortening. 

For if this could be accomplished, it would 
mark the baking industry’s most important 
development... an emulsifier shortening 


which could be pumped, poured or metered 
...in other words, a prime requirement for 
fully automated bakery operation. 

But the feat remained unaccomplished. In 
trial after trial, fluid shortenings failed at the 
introduction of emulsifiers. 


Then, several years ago, a Durkee scientist 
noticed an unusual quality in two disassoci- 
ated compounds under development... an 
unforeseen compatibility between an experi- 
mental non-hydrogenated oil and a unique 
emulsifier being readied for introduction to 
the baking industry. When combined under 
strict environmental conditions, the resulting 
product remained fluid! 

Here was the breakthrough, but it proved 
only the beginning. Durkee’s Technical Staff 
put month after month into refining, adapting 
and altering formulations. Then, testing; in 


DURKEE tecunicat service 


Department FT e¢ 900 Union Commerce Buliding ¢« Cleveland 14, Ohio 
Berkeley, Calif. « 


Chicago, lll. Loulisvitie, Ky. 


research lab, pilot plant, baking lab, and 
testing in accredited outside facilities as 
required for FDA approval. 

Result? A fully approved product with 
commercial practicability. Even more. 
Durkee’s emulsifier, held in microscopic sus- 
pension throughout the fluid, is so functional 
that it reacts virtually immediately in a batter, 
holding more oil and water in emulsion than 
ever before possible. In addition, more air 
is entrapped in the batter. 


To the baker, this means lighter, more 
tender cakes. It means more cakes per batch, 
or bigger cakes. It means cakes that retain 
fresh-baked taste and texture for twice as 
long as before. It means the end of scoop- 
ing, scraping or shoveling shortening. It 
means at long last, a baker can turn a valve 
and measure an incomparable shortening. 
And all these mean profit. 


Durkee has announced this modern miracle 
to an appreciative baking industry. It’s called 
Fluid Flex Shortening, and its development 
is another outstanding product of the research 
continually in progress in Durkee’s Technical 
Laboratories. Here is where we may be able 
to help you most whenever your product or 
process warrants further attention. We’d be 
glad to help. Just phone us or write. 


GUALIVY 


Jamaica, N.Y. 
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There is no surer way to decide whether an 
FMC “Sterilmatic”* line is right for you than 
to ask leading food processors who are now 
using these continuous pressure cookers and 
coolers. 

Ask American Home Foods, Division of 
American Home Products Corp., for example. 
They installed their first “Sterilmatic”’ in 1946 
in their Chef-Boy-ar-Dee plant at Milton, Pa. 

During the years since then, they have spe- 
cified “Sterilmatic”’ three times—now have 7 
of these lines in the plant, turning out the 53 
foods they pack under the famous Chef's label. 


You will learn that “Sterilmatic”’ pioneered 
a new concept in food processing — one that 
invariably cuts processing time, assures uni- 
form quality, helps preserve natural color, 
flavor, texture and nutrients, and minimizes 
can damage. 

The list of “Sterilmatic” users reads like a 
Blue Book of food processors. Let their use- 
experience be your guide to better, more prof- 
itable food processing. 

A 16-page brochure, “The Sterilmatic Story,” 
gives full details and is yours for the asking. 
Write for it — today. 


*FMC “Sterilmatic”’ Continuous Pressure Cooker and Cooler — Trade Mark — Reg. U.S. Pat. Off. 
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the Surfaces of Beef Cuts”’ 


(Manuscript received May 21, 1959) 


Tux Fact that vacuum packaged 
meat returns to redness makes it difficult to accept the 
reported observation that the reaction by which the 
brown pigment, metmyoglobin, is formed is not spon- 
taneously reversible under certain conditions. It was 
therefore decided to study the composition of the sur- 
face pigments of meat exposed to various conditions, 
including those of vacuum packaging. 

If it is desired to know the total amount of myo- 
globin pigment in fresh meat, it is necessary only to 
extract the myoglobin from the meat with water and 
to determine the iron content by a chemical method 
such as that used by Bowen (2). Then, by dividing 
the weight of iron found by .00323 (the fraction of 
myoglobin which is iron), the weight of myoglobin 
ean be calculated. This, however, tells only the total 
amount of myoglobin pigment present; it does not tell 
what percentage of it is reduced, oxy-, or metmyo- 
globin. Thus, the procedure is of little value in a 
study of meat color changes. There is no chemical 
method known for determining these percentages. 
There are, however, two types of procedure through 
which estimates are obtained. 

One type is that of various transmittancy or ‘‘ab- 
sorbancy ratio’’ methods as described by Austin and 
Drabkin (17), Mangel (9), and Broumand et al (4). 
The other includes several reflectance methods, as 
deseribed by Pirko (13), Wodicka (18), and Naugh- 
ton et al (11). 

An absorbaney method involving measurements 
taken at one wavelength was described by Austin and 
Drabkin (1) for determining the proportion of 
methemoglobin in a water solution assumed to con- 
tain only oxyhemoglobin and methemoglobin. It was 
based on the fact that, taken individually, each of 
these pigments will give a characteristic reproducible 
absorption curve if coneentration and pH are held 
constant. At any given wavelength, the difference 
between the 2 curves may be measured by subtracting 
the extinetion coefficient of one compound from that 
of the other at the same wavelength. 

Mangel (9) applied the method of Austin and 
Drabkin for the determination of metmyoglobin in 
frozen beef. She used extinction coefficients and wave- 
lengths taken from their work on hemoglobin. At 
times she got large unexplained variations in results 
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which led her to conclude that there might be a third 
form of the pigment present along with met- and 
oxymyoglobin. 

The only procedure designed to determine the per- 
centages of all 3 myoglobin derivatives is that sug- 
gested by Broumand ef al (4). This method is based 
on the absorbancy of a water extract of the sample 
at specified wavelengths. Broumand et al did not use 
it, however, to make determinations of all 3 deriva- 
tives of myoglobin; they employed only a simplified 
method in which they assumed the presence of only 
oxy- and metmyoglobin. 

Refiectance methods, as the name implies, utilize 
direct‘measurement of the reflectance of meat surface 
at wavelengths characteristic of each of the myoglobin 
derivatives. Pirko (13) used the wavelengths 555, 
580, and 635 mme to indieate increase or decrease in 
reduced myoglobin, oxymyoglobin, and metmyoglobin, 
respectively, during storage. The wavelengths were 
chosen on the basis of absorption curves of myoglobin 
extracts as determined by Bowen (3), Theorell (17), 
and others. Pirko’s method gives no indication as to 
respective percentages of the myoglobin derivatives 
present, although the method apparently shows 
whether a specific form of myoglobin has either in- 
creased or decreased during an interval between tests. 

Naughton et al (11) determined reflectance spectra 
for metmyoglobin and oxymyoglobin in tuna fish. 
Instead of plotting per cent reflectance directly as 
Pirko did, they plotted the log of the reciprocal of 
reflectance, which is absorbanecy. They maintained 
that, for heme proteins, the wavelengths of absorption 
maxima in reflection corresponded exactly with those 
found in transmission, and that there is complete 
interchangeability of data. Wodicka (18), however, 
stated that the logarithm of the reciprocal of reflect 
ance (absorbancy) is not proportional to pigment 
concentration. 

Wodicka plotted his data in terms of the ratio of 
the absorption coefficient to the scattering coefficient. 
Neither Wodicka nor Naughton, however, direetly 
suggested a method by which the percentage of the 
several forms of myoglobin present in meat can be 
estimated from reflectance data. 

In the investigation by the present authors, a series 
of absorbancy ratio determinations by the procedure 
of Broumand ef al was made on surface meat of sam- 
ples packaged in cans and film packages. The results 
in general showed high values for oxymyoglobin. 
This pointed to the possibility that reduced myoglobin 


was being converted to oxymyoglobin by oxygen of 


the air during the extraction process. 
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Broumand ef al (4) showed, in systems so adjusted 
that it could be assumed that only oxymyoglobin and 
metmyoglobin were present, that the composition of 
the extracts did not change materially when extrac- 
tion time was varied by from 5 to 10 min. However, 
they did not show what happens at the moment ex- 
traction with water of meat pigment containing 
reduced myoglobin is begun in the presence of 
oxygen. Here there may be production of oxymyo- 
globin from myoglobin. Another possibly 
valid criticism of the absorbancy ratio method arises 
from the assumption that oxymyoglobin and metmyo- 
globin have equal solubility in water. Naughton et al 
(12) maifitain, at least in the case of tuna fish meat, 
that methemoglobin and oxyhemoglobin are quite 
different in solubility. In addition, the absorbaney 
ratio method has the disadvantage that, when an 
extract is made, the slice taken for extraction pur- 
poses includes some meat pigment which lies beneath 


ree | uced 


the surface. Reflectance measurements, of course, are 
made directly on the sample surface. 

In view of these considerations, it was thought that 
a method resting on the same basic principles as the 
absorbaney ratio method but depending upon reflect- 
ance instead of absorbance measurements might give 
more reliable results than the absorbancy method, 


because the surface of the meat could be measured 
directly and without the necessity of making an 
extraction. A factor was introduced to correct for 
the scattering of light by a surface (which, as will be 
shown, is of no importance in the method because it 
cancels out in the ratios which are employed) ; then a 
method was designed and evaluated preliminarily by 
making determinations on freshly cut 
beef, which is believed to be high in reduced myo- 
globin. The results, which indicated the presence of 
high percentages of reduced myoglobin in these 
freshly cut surfaces, were encouraging. They also 
indicated the presence of high percentages of oxy- 
myoglobin on the surface of beef which had been 
permitted to ‘‘bloom’’ for one hour immediately after 
cutting before measurements were made. 

Results will be described from the application of 
the reflectance ratio methed to surface of beef cuts 
packaged under various conditions in film materials, 
cans, and jars. 

To determine what reflectance characteristic or 
characteristics should be used as the elements of the 
ratios in the reflectance ratio method, cognizance was 
taken of the fact that the absorption coefficient A, as 
defined by Laughlin (8), is the fraction of the inei- 
dent energy lost by absorption per unit of concentra- 


surfaces of 


TABLE 1 
Ratio of absorption coefficient (K) to scattering coefficient (S) as a function of reflectivity in 


| | |! 
wor, | K/S | wor,| K/S wor, | K/S | 1002, K/S 
| 
oo | 50 | 902 | 1.0 | 40% | 15.0 | 2.408 
2 | 2We 2 8.64 2 3.953 |} 2.365 
| 165.7 3 | | 3 2.344 
4 | 124.0 ‘ 8.29 4 3.860 |) 4 2.324 
5 | oo 6 | 8.12 | | | 2.303 
6 82.3 6 | 7.957 | 6 | 3.770 | 6 | 2.283 
7 70.4 | 7 7.8000 || 7 3.726 || 7 2.263 
61.5 | 7.6m | 8 | 3.681 | 2.244 
M6 | 3.612 | 9 | 2.224 
1.9 490 | 60 | 7 363 1.0 360m | 16.0 2.205 
ea 44.5 7.227 1 | 3.560 | 2.186 
2 40.7 | 2 7.096 | 2 | 3.520 a 2.167 
3 37.5 3 6 968 2.149 
4 | ‘4 | 3.43 |] 4 | 2.031 
5 32.3 | 5 | 6.725 |] 3.405 || 5 2.113 
30.3 | 6 6.609 || 3 368 6 | 2.005 
7 28.4 |} 7 | 6.496 7 3.332 BY 2.078 
26.79 | 6.387 8 3.296 2.000 
25.33 | 9 6 9 3.261 9 2.043 
2.0 20.01 70 6.178 12.0 | 3.227 17.0 2.026 
22.82 6.078 3.193 a 2.009 
2 | 2.74} | 5.980 | 3.159 2 1.9930 
20.75 3 RSH 3 3.127 1.0767 
4 19.85 || 5.794 4 3.091 4 1.9606 
5 a 5 5.704 5 3.062 5 1.9446 
6 4.617 6 3.031 6 1.9289 
‘7 17.53 || 7 | 5.582 7 | 3.00 7 | 1.9134 
8 16.87 5.449 8 2.970 & 1.8980 
16.26 | 9 | 5.369 2.910 4 1.8828 
30 |; 5.68 | #0 5.200 13.0 2.911 18.0 1.8678 
2 | 2 5.1398 2.851 2 
3 | | 2.826 3 1.8237 
4 13.72 | 4.908 4 | 2.798 4 1.8004 
5 13.30 | 6 | 4.925 5 2.771 5 1.7952 
6 2901 | 6 1.857 6 2.744 6 1.7812 
7 12.53 | 7 | 4.791 y 2.718 7 1.7673 
12.18 | 8 | 4.726 2.692 1.7536 
11.84 9 | 4.662 9 2.667 1.7400 
10 11.52 9.0 | 4.601 14.6 2.60 19.0 1.7206 
11.22 1 | 4.500 | 2.617 a 1.7133 
2 10.93 | 2 1.481 a 2.592 2 1.7002 
3 10.65 4.428 2.568 3 1.6872 
4 10.30 |! | 4.306 A 2.544 1.6743 
5 10.13 5 2.521 5 1.6616 
6 9.89 6 1.256 6 2.498 A 1.6190 
9.66 7 | 4.203 2.475 1.6366 
O44 8 4.151 8 2.452 8 1.6242 
9 9.23 9 | 4.100 9 2.430 9 1.6121 
| 


per cent (100 R). From Judd (5) 


20 


21 


22 


23 


| 
100K, K/S 100k, K/S WOR, | K/S | WOR, | K/S 
| | 
0 1.6090 25.0 1.1250 30.0 0.8167 35.0 | 0.6036 
1.5881 || 1.1175 R116 6000 
2 | 1.5763 | 2 1.1101 || 2 ROG 2 5964 
3 | 1566 | | 11028 3 | 
1.55300 || 4 1.0955 |) 4 7967 4 5804 
5 15415 |) 5 1.0883 | 5 718 || 5 5860 
| 1.5302 |) 6 1.0811 || .7870 5825 
7 | 1.5190 | 7 1.0740 ] 782: 7 5791 
8 | 1.5078 | 8 1.0670 8 7774 8 5756 
9 | 1.4968 | 9 1.0600 |) 9 7726 9 5723 
0 | 1.4860 | 26.0 1.0531 |) 31.0 0.7679 36.0 | 0.5689 
1 | 1.4752 | 1.0462 |, 1 5655 
2 | 1.4645 1.0394 2 7586 2 . 5622 
3 | 1.4530 |] 3 1.0326 A 7539 3 5580 
4 14434 | 1.0259 4 744 5556 
5 1.4331 || 5 1.0193 5 7448 5 
6 | 1.4228 | 6 1.0127 6 .7403 6 
7 1.4126 7 1.0062 7 7358 || 7 
8 1.4026 | |} 8 
1.3026 9 9133 9 7269 |) 9 
i) 1.3827 || 27.0 0.9868 || 32.0 0.7225 || 37.0 
1 1.3720 1 9805 1 7181 1 
2 1.3632 2 9742 || 2 .7138 a 
3 1.3536 3 680 3 7095 3 
4 1.3041 4 9618 4 7052 4 
1.3347 5 9557 5 7010 5 
6 1.3254 6 14196 |) 6 6967 6 
7 1.3161 7 {M36 Be . 6926 7 
1.3070 8 9376 8 6884 
) 1.2079 4 9316 9 6843 9 
0 1. 2889 28.0 257 33.0 0.6802 38.0 
3 1.2624 3 0083 6680 3 
4 1.2538 4 9026 4 6640 4 
5 1.2452 5 . 6600 5 
6 1. 2366 6 8912 6 6561 6 
7 1. 2282 8857 6521 
1.2198 8 8801 8 6483 
9 1.2116 9 8746 4 0444 9 
0 1.2033 || 29.0 R691 34.0 0.6406 39.0 | 0.4770 
1.1952 |] 1 8637 . 6368 4743 
2 1.1871 || 2 R583 2 .6330 A715 
a 1.1791 3 530 3 6202 a 4688 
4] 0.9702 4 8177 4 6255 4 4660 
5 | 1.1633 5 5 6218 4633 
6 1.1555 6 8372 6 6181 6 4606 
7 1, L478 7 8320 7 6144 7 4580 
8 1.1401 8 8268 8 6108 8 4553 
9 | 1.1325 9 8217 9 6072 9 4526 
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MYOGLOBIN FRACTIONS ON 


tion per unit thickness of material. This is the same 
unit in the notation of Broumand et al, who 
placed e equal to d/cl, where d is optical density or 
absorbaney, ¢ is concentration of the solution, and | 
is thickness of the cell. For a given solution and 
cell, ec and Il are constants; therefore, they eancel 
. eat wavelength, 
ratlo ——————_ 
e at wavelength » 


as € 


out of the -— also of the ratio 


K at wavelength, 


Kicunine. This ratio, therefore, is equal to 
d at wavelength: 
d at wavelength» 
ancy ratio method. 
Laughlin defines the seattering coefficient S as the 
fraction of the incident light lost due to scattering 
per unit thickness of material. He states that the S of 
a ‘‘dyed fibrous composition’’ is independent of the 
dye. Stearns (16) and Mersereau and Rainard (10) 
used S as a constant for a given sample, inasmuch as 
the values of K/S have been tabulated (Judd, 7), one 
finds it appropriate to use the ratio K/S as the ele- 
ments of the ratios in the reflectance ratio method. 


ratio ratio of the absorb- 


PROCEDURE 


Values for per cent reflectance of the top surface of samples 
were obtained as follows: 


1. The sample was inserted direetly, with top surface up, 
in the drawer of the reflectance attachment for the Beckman 
DU spectrophotometer next a freshly seraped magnesium 
earbonate reference standard. 


to 


2. After standardizing the instrument with the magnesium 
earbonate block as 100% reflectance, the per cent reflectance of 
the meat sample surface was determined at wavelengths of 473, 


507, 573, and 597 mme. 


TABLE 2 


Description of experiments 1, 2, 3, 5, 6, 7, 8, and 9 


Days 
Age of carcass Packaging 
Experiment animal Diet of animal hung materials 
No used before used 
(months) packaging 
1 18 Grass + grain 7 {i i, | 
(last 7 months) III, IV{ 
24 Grass -+ grain II, iV 
(last 7 months) 
18 10 months on grass (i, II, 
3 months on grain III, IV,} 
and silage, 5 months Vil 
on grain alone 
5 0 Grass + stilbestrol 9 
and corn chop 
(last 5 months) 
6 24 Grass + grain 10 flv, VI 
(last 6 months) | VI 
7 18 Grass + grain 10 {I, IV 
(last 5 months) VIII, } 
|XIIL | 
19 Grass + corn chop 9 fi IV, 
(last 7 months) 
IX 
9 0 Grass + grain 9 flv, XI | 
(last 6 months) | XII 


*The beef used in experiments 2 and 3 was the same as that represented in Figures 1 and 4, respectively, 
“Patterns of Redness Loss and Regeneration in Prepackaged Beef,” Food Technol., .... ..... 


SURFACES OF BEEF CUTS 


From these per cent reflectance readings for the top surface 
of the sample, the following computations were made: 

1. For each value of per cent reflectance, the corresponding 
ratio of absorption coefficient K to scattering coefficient S was 
obtained using a table given by Judd (7) in which per cent 
reflectance and this ratio (K/S) are related to each other. 
(The section of this table pertinent to this investigation is 
given in Table 1. 


2. Two ratios were calculated. 


at 507 mme 
wv 
The first was — 
K 
at o/o mme 
Ss 
K 
at 473 mme 
The second was — 
K 
at 097 mme 
S 


3. The value of the first ratio above was located on the plot 


i 507 mme 
of ratio of absorbancy —< versus percentage of MMb 
vic 
Broumand et al (4) (Figure 1). 


on the plot of 


and O.Mb 
The value 


Mb as given by 


of the second ratio located 


473 mme 


was 


absorbaney ratio versus percentage of Mb and 


597 mme 
O: Mb + MMb (Figure 2) as given by Broumand et al (4). 
By locating these two absorbancy ratios on the ordinates of 
the respective plots, the percentages of MMb and Mb respee- 
tively were obtained on the abscissa. 


4. The percentage of O.Mb was calculated by using the fol- 
lowing equation: 


% OoMb 100 (% MMb + % Mb) 
Description of experiments. The meat used in all of these 
experiments was U. 8. Choice grade, slaughtered in the kosher 
style, and held at 34° F 
Experiments 1, 2, 3, 5, 6, 7, 8, and 


2. Experiment 4 is deseribed separately in the text. 


after slaughter. 
are described in Table 
The fol- 


Number of 


Method of Absolute days in Method used to 
pressure storage determine myoblobin 
packaging (mm Hg) before pigments 


examination 


0, 1, 2, 4, 7,) Absorbancy retio 
Vacuum 25 0.1 7 
| Air 760 } Absorbancy ratio 
| Oxygen 760+} J 
Vacuum 25 d Absorbancy ratio 
7, | 
0, 1, 2, 3,] ‘ 
Vacuum o 45.6.7 Absorbancy ratio and 
9 | reflectance ratio 
| 
Vacuum 25 0, 1, 2, 4, | Absorbany ratio and 
Oxygen 760 5, 6, 7, 10] reflectance ratio 
Vacuum 25 67 Reflectance ratio 
6, 7 | 
0,1, 2, 3,] 
Vacuum 25 4, 5, 6, 7,} Reflectance ratio 
| 10 
Air 760 
0, 1, 2, 3,] 
Vacuum = 14,5, 6 8,} Reflectance ratio 
Air 760 ] 16 19 


of the report by Dean and Ball, titled 


(19....) 
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lowing is a list of the with the 


appropriate symbols employed to represent them in Table 2: 


packaging materials used 


yin bel Packaging material 


I Polyethylene, 1.5 mils thick, coated with poly 
vinyl aleohol, 1 mil 
Polyethylene in contact with meat 
polyethylene PT 
mils polyethylene 
Mylar 
Mylar 50 gauge 


Two mils cellophane 


polyester polyethylene 
Polyethylene 200 gauge 
Polyethylene in contact with meat 
211 x O11 ean, 
‘* Duraglass’’ 


(Sample has 100% headspace ) 
glass jars. (C-3093, 63-3767 
Owens Illinois 
Saran coated 450 gauge  cellophane— pols 

ethylene, 2 mils 
Polyethylene in contact with meat 
Aluminum foil pauper backed, polyethylene 
Polyethylene in contact with meat 
Polyethylene, 2) mils-—Mylar, 0.5 mil 


OS mil 


Saran, 


Polyethylene in contact with meat 
IX Olin OF 16 cellophane 
X Dupont 
NI Polyvinyl! chloride copolymer, 2 mils 
XII SOL x 411 ean 


grade’? coated cellophane 


(Sample has SOC, headspace 


Saran, approximately 1.5 mils 


The samples packaged in oxygen in experiments 2 and 6 


were packaged with « gauge pressure at the tank of oxygen 


equal to 6 and 10 psi, respeetively. This does not mean that 


the film packages contained 
Ww psi 


a pressure as great as either 6 or 
Undoubtedly the actual pressure in these sealed pouches 
In the ease of the 


wis less 10 Ib pressure used in experiment 
6, the resulting pressure was enough to eause the pouches to 
**halloon’’ after sealing. 
Information on the age of the animals used as a souree of 
meat, as well as the diets of the animals, is included because it 
is felt that 


color, although these effects are 


these variables have a significant effect on meat 
not considered specifically in 
analysis of results in this report, and the authors were not able 
to exercise control of these factors. 

Experiment 4. 
raw unpuckaged beef 


Experiment 4° was carried out entirely with 
The purpose was to test the validity of 


the absorbaney ratio method of Broumand ef al (4) and the 


WAVE LENGTHS 


RATIO OF ABSORBANCIES AT TWO DIFFERENT 


80 40 20 
60 80 100 
RELATIVE CONCENTRATION OF MMb 
AND O2Mb+Mb 
Figure 1. Curve for determination of the relative concentra- 
tions of MMb and (0.Mb + Mb) after measuring the absorban- 
cies at 507 mmc and 573 mmc [From Broumand et al (4) }. 


validity of the refleetance ratio method 
cedure, us it may be ealled in terms of the known chemistry of 


modification, or pro 


myoglobin in fresh raw meat. 

The experiment was divided into 2 parts. 

Part A consisted of taking 3 sets of fresh raw beef samples 
Two sets each consisted of 
2 samples from each of the animals I, II, and III; the third 
set consisted of 2 samples from each of animals | and Il only 


as 2% in diameter circular pieces. 


One set of samples was allowed to bloom for 1 hr before 
Gardner a; values for top surfaces were obtained, reflectance 
measurements for top surfaces at 473, 507, 573, and 597 mme 
were taken, and absorbuney measurements at the same wave 


lengths were made. The order of measurement was as given, 
It took an average of 6 min to make reflectance measurements 


after Gardner measurements were made in approximately 38 


TABLE 3 


Results of Experiment 4. Comparison of myoglobin pigment 
determinations made by absorbancy ratio and 
reflectance ratio methods. 


Part A, Section 1, 2 and 3 


Sample allowed to “bloom” for one hour before measurements 


“% MMb % Mb % 

Animal Gardner By By By By By By 
ay reflect absorb reflect absorb reflect 
reading ance ancy ance ancy ance 
ratio ratio ratio ratio 

method method | method | method | method 


absort 
ancy 
ratio 
method 
7 


61 16 21 


Measurements immediately after cutting sample 
(no “blooming” period ) 


Measurements of absorbency only made immediately afte 
cutting sample (no “blooming” period) 


Animal 


Animal 


14 


Part B. Samples allowed to “bloom” for one hour. 
Sections 1 and 2 


Measurements of reflectance only 


Yo MMb | 


Same 
sample 
treated 

with 2% | 


Untreated 
meat 
sample 


15 


Untreated 
Meat 
sample 


% Mb 


Same 
sample 
treated 

with 2% 


Untreated 
meat 
sample 


5 46 
7 56 


‘ 


5 


Measurements of absorbancy only 


| 
| 


Same 
Untreated | extract 
extract 5 


Untreated 
extract 


% Mb 


Same 
extract | Untreated 
7 extract 


% OeMb 


Same 
sample 
treated 
with 2% 


% 


Same 


vi 
Vil 
a 
Vill 
I 12.4 16 
ie I i44 18 20 60 9 22 71 
17.4 17 14 14 0 69 86 
16.7 2s 64 22 50) 
11.7 18 50 i 
I 13.0 0 11 93 1 7 
I 12.1 20 57 24 35 56 
il 10.9 0 16 64 40 36 44 
11.5 0 0 17 0 53 100 
hints 13.2 0 24 78 17 22 at) 
11.2 0 24 64 20 56 56 
4 
| 
| 
Ata 
| 
q 
0 0 17 | 100 
\ 1 28 72 27 
8 SO7 mp | 
Ses 573mp % MMb | 
| 
— 
4 c extract 
| + 75 mg 
VI 0 0 0 100 100 0 
VII 0 0 100 100 0 
Vil 0 0 | 0 100 | 100 0 
Vil 10 10 7) 90 | 90 0 
Vil 14 | 10 90 78 0 


An early report, No. 6 of this 
series, presented the advantages 
of aluminum foil as a light bar- 
rier particularly in regard to pre- 
vention of oxidative rancidity in 
products containing oil or fat. 
Numerous experiments were 
cited showing the catalytic effect 
of light as a major contributor to 
this common form of food dete- 
rioration. Report No. 14 dealt with 
the effects of light on vitamins in 
enriched, partially baked rolls. 


Milk—a Dramatic Example 


Of the great number of food prod- 
ucts affected adversely by light, 
however, milkis perhaps the most 
dramatic example.* Light acts 
upon milk principally in the fol- 
lowing ways: (1) by catalyzing the 
oxidation of ascorbic acid, (2) by 
causing the destruction of Ribo- 
flavin and Vitamin A, and (3) by 
stimulating the development of 
oxidized and activated flavors. 


A series of tests conducted for 
Reynolds Metals Company by the 
Wisconsin Alumni Research 


Homogenized 
Whole Milk 
Odays 3days 10days 0 days 3days 10days 0 day 


Aluminum Foil Packaging- 
Light Barrier and 


Vitamin Protector 


One of a Series of Reports by 
Reynolds Metals Company 


Foundation compared various 
types of milk in four types of con- 
tainers: clear glass, brown glass, 
waxed carton and aluminum foil 
carton. The milk thus packaged 
was exposed to both fluorescent 
light and sunlight. The fluores- 
cent lighting was designed to sim- 
ulate conditions in a supermarket 
—the product being placed in an 
open top refrigerated display case 
maintained at 50° F., with the 
lights developing an intensity of 
about 100 foot candles. Tests un- 
der fluorescent light were made 
prior to exposure, then after 3 
and 10 days. Those using sunlight 
were made prior to exposure, 
then after 30 and 120 minutes. 


Summary of Test Results 


Summarizing the separate tests 
measuring vitamin content before 
and after the indicated light ex- 
posures, the results were as fol- 
lows. For Riboflavin (Vitamin Bz), 
no losses of nutritional signifi- 
cance under fluorescent light, but 
substantial losses in sunlight 
for milk stored in clear glass and 


FLAVOR SCORES OF FOUR TYPES OF MILK STORED UNDER FLUORESCENT LIGHTS AT 50°F, 


“Vitemin ond Mineral 
Fortified Whole Milk Fort 


Clear Glass : | 39 33 


Waxed Paper Carton 39 35 
Foil Laminated Carton | 39 38 


Brown Glass 39 34.5 


33 38.5 33 33 | 385 
34 35 37 34 38.5 
34 3.5 33 33 38.5 
38 98.5 38 38 38.5 


waxed cartons — aluminum foil 
and brown glass affording excel- 
lent protection. For reduced As- 
corbic Acid (Vitamin C), much 
slower rate of loss for milk stored 
in aluminum foil and brown glass 
—the pattern appearing similar 
in fluorescent and sunlight. For 
Vitamin A, only the milk in clear 
glass containers showed losses 
under fluorescent light; in sun- 
light these losses were very rapid 
and there was also some loss in 
waxed cartons. 


Tests for Flavor Scores 


Tests for flavor scores produced 
findings of special interest, since 
there appears to be a correlation 
between the formation of oxidized 
and hay-like flavors in milk and 
the loss of Ascorbic Acid. In the 
Table shown here, all scores of 35 
or under represent a flavor defect 
—a definite oxidized flavor in 
whole milk and a pronounced 
hay-like flavor in skim milk. Here 
even brown glass failed to retard 
materially the flavor change. Only 
the aluminum foil carton proved 
effective under fluorescent light. 
And the results in direct sunlight 
were almost identical. 


Manufacturers concerned with 
vitamin retention, or with other 
effects of light, such as oxidative 
rancidity, are invited to call the 
nearest Reynolds sales office. Or 
write to Reynolds Metals Company, 
Richmond 18, Virginia. 


Andi 


*Remainder ofthis report izes 

by the Wisconsin Alumni Research Foun- 
dation, as set forth in an article entitled 
Effects of Light on Homogenized Whole Milk 
and Some Fortified Milk Products”, by J. J. 
Birdsall, L.J.Teply, P.H. Derse,in Food Tech- 
nology, Dec., 1958, Vol. 12, No. 12, Page 670. 


Vitamins A and D Multivitamin 
tied Skim 


Fortified Skim Milk 
Odays 3doys 10d 
33 33 : 38.5 37 

34 33 38.5 37.5 

36 33 ; 38.5 37 

38 37 : 38.5 37 


3 days days 


See Reynolds shows on ABC-TV Network: ‘BOURBON STREET BEAT"’ and “ 


ADVENTURES IN PARADISE” Monday Nights 


© 1960 by Reynolds Metals Company 
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20 
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RATIO OF ABSORBANCES AT WAVELENGTHS 473mp 
AND 
Figure 2. Curve for determination of the relative concentra- 
tions of Mb and (O.Mb + MMb) after measuring the absorban- 
cies at 473 mmc and 597 mmc [From Broumand et al (4) ]. 


2.6 


see each. Absorbancy measurements took an average of 10% 
min. Results from this set of samples are given in Table 3, 
Part A, Section 1. 

The pigment on the surface of ‘‘bloom red’’ beef is pre 
sumed to be high in oxymyoglobin and low in metmyoglobin. 

The second set of samples was measured immediately after 
the freshly cut surfaces were exposed by the measuring pro 
eedure that had been used on the first set. Results from this 
set of samples are given in Table 3, Part A, Section 2 

The pigment on the surface of freshly cut beef is presumed 
to be high in redueed myoglobin and low in metmyoglobin and 
oxymyoglobin. 

The third set ineluded samples only from animals I and IT. 
Gardner ar values of the surfaces of the samples from animal 
Il but not from animal I were taken immediately after the 
freshly cut surfaces were exposed. Immediately thereafter, 
absorbaney measurements required for the estimation of the 
percentages of the three forms of myoglobin were made. Re 
sults from this set of samples are given in Table 3, Part A, 
Section 3. 

In Part B, the sets of fresh raw beef samples from animals 
IV, V, VI, and VIL were allowed to bloom in air for 1 hr. 
Then reflectance measurements were made on the surfaces of 
one set of samples (from animals IV and V) and absorbaney 
measurements were made on the surfaces of the other set of 
samples (from animals VI and VII) at the wavelengths re 
quired for estimating the percentages of metmyoglobin, reduced 
myoglobin, and oxymyoglobin. After these measurements were 
completed, 75 mg of NaS.O, (sodium dithionate) was added 
to 3 ml of each of the extracts which had been used for 
absorbaney measurements and the absorbancies were measured 
again. The set of samples on which reflectance measurements 
had been made was then immersed in a 2% solution of NaeS.O, 
for 5 min. After the samples had been allowed to drain for 
1 min, reflectance measurements were made again. Pereentages 
of MMb, Mb, and O.Mb were caleulated from the new ab 
sorbaney measurements and from the new reflectance measure 
ments. Results of these measurements are given in Table 3, 
Part B—the first set in Section 1; the second set in Section 2. 

The purpose of using the dithionate was to convert the 
oxymyoglobin and metmyoglobin to reduced myoglobin to pro 
vide a known system by means of which the two methods of 


pigment determination could be checked. 


RESULTS 
The results of the various experiments are pre- 
sented, for the most part in figures.© When it is 


* The experiments and the figures pertinent to each are given 
below: 


Experiment Figures Experiment Figures 
2 i—6 7 21-24 
3 7-11 8 25-27 
5 12-15 9 28-51 


MYOGLOBIN FRACTIONS ON SURFACES OF BEEF CUTS 


possible, however, to deseribe the results in the text, 
the graphs are omitted, as in experiment 1. The 
figures pertinent to a given experiment appear im- 
mediately after the designations (experiment 2, ex- 
periment 3, ete.) and, as required, discussion follows 
the figures. 


Experiment 1 

Inasmuch as experiment 3 duplicated experiment 1 
for packaging materials I, II, 111, and LV, graphs for 
experiment 1 are omitted. 

The pattern of redness value in polyethylene- 
cellophane-polyethylene pouches in experiment 1 was 
almost identical to that for Mylar-polyethylene 
(Figure 9) in experiment 3. The distribution pattern 
of myoglobin derivatives also closely resembled that 
for Mylar-polyethylene in experiment 3 except that, 
in the former, the quantity of Mb and MMb each was 
30% on the 8th day as compared to the percentages 
shown in Figure 9. 

Conversely, Mylar-polyethylene pouches in experi- 
ment 1 had a pattern of redness value similar to 
that of polyethylene-cellophane-polyethylene in ex- 
periment 3 (Figure 8) in that, after the Ist day, the 
value hovered within the range of from 10 to 14. The 
distribution pattern of myoglobin derivatives in the 
Mylar-polyethylene pouch in experiment 1 also very 
closely resembled that in the polyethylene-cellophane- 
polyethylene pouch in experiment 3. 

Pouches of polyethylene, coated with polyvinyl 
alcohol, gave similar results in the 2 experiments. The 
principal differences were (1) Gardner ay, value in 
experiment 1 averaged about one-half unit lower, (2) 
during the Ist day there were greater changes in Mb 
and Os Mb in experiment 1, and (3) in experiment 1, 
average Oo Mb value was between 5 and 10 percentage 
points higher and MMb about the same amount lower 
than in experiment 3 (Figure 7) 

In 211 x 011 cans, the distribution pattern of myo- 
globin derivatives was essentially the same in both 
experiments. The only significant difference was in 
the Gardner ay, value, which, after the Ist day, was 
two units lower in experiment 1 than in experiment 3 
(Figure 11). 


Experiment 2 (Figures 3-6) 

Samples packed in air in pouches of polyethylene- 
cellophane-polyethylene laminate and in 211 x O11 
cans gave color patterns similar to those of samples 
in similar packages packed in oxygen as shown in 
Figures 4 and 6, respectively, except that (1) in each 
package type, the decrease in red color value during 
the Ist day after packaging was more precipitous in 
beef packaged in air than in that packaged in oxygen, 
(2) the red color value, in each case, on the 8th day 
after packaging, was 2 units higher in beef packaged 
in air than in that packaged in oxygen, and, (3) in 
each case, in beef packaged in air, the quantities of 
all three myoglobin derivatives between the 4th and 
Sth days after packaging were within the range of 
from 20 to 40%, approximately, instead of being 
spread over the range of from 10 to 50%, as shown in 
Figures 4 and 6 for beef packaged in oxygen. 


3 
275 I 
6 | 
| 


FOOD TECHNOLOGY, JUNE, 1960 


Td 
J 


— 


REDNESS a, 


%™MMb, Mb, or O,Mb 


DAYS IN STORAGE 
Figure 3. Mean redness value and per cent metmyoglobin, re- 
duced myoglobin, and oxymyoglobin determined by absorbancy 
ratio method for top surface of duplicate samples vacuum pack- 
aged in polyethylene, cellophane, polyethylene in experiment 2. 


O,Mb 


MI Mb Mob or 


DAYS IN STORAGE 


Figure 4. Mean redness value and per cent metmyoglobin, re- 
duced myoglobin, and oxymyoglobin determined by absorbancy 
ratio method for top surface of duplicate samples packaged in 
oxygen in polyethylene, cellophane, polyethylene in experiment 2. 
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REDNESS ay 


% MMb, Mb, or 0,Mb 


2 6 8 10 it 
DAYS IN STORAGE 

Figure 5. Mean redness value and per cent metmyoglobin, re- 
duced myoglobin, and oxymyoglobin determined by absorbancy 
ratio method for top surface of duplicate samples vacuum pack- 
aged in 211 x 011 cans in experiment 2. 


REDNESS 


% MMb, Mb, or O2Mb 


4 8 10 
DAYS IN STORAGE 


Figure 6. Mean redness value and per cent metmyoglobin, re- 
duced myoglobin, and oxymyoglobin determined by absorbancy 
ratio method for top surface of duplicate samples packaged in 
oxygen in 211 x 011 cans in experiment 2. 
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Experiment 3 (Figures 7-11) 


Experiment 5 (Figures 12-15) 


In both experiment 5 and experiment 6, after the 
Ist day, Gardner ay values in Saran-cellophane-poly- 
ethylene pouches were confined within the range of 
from 10 to 12. By the absorbancy method, in each 
experiment, the percentages of Mb and MMb held 
very close to each other and were lower than the per- 
centage of OoMb. In experiment 5, however, the lat- 
ter was considerably lower than in experiment 6 
(Figure 16) and thus was close to the percentages of 
Mb and MMb at several points, while in experiment 6, 
it was widely separated from those of Mb and MMb. 

By the reflectance method, the distribution pattern 
of myoglobin derivatives closely resembled that of 
experiment 6 (Figure 17). 


Experiment 6 (Figures 16-20) 

The results obtained by reflectance measurement 
on samples from 211 x 011 cans in experiment 6 dif- 
fered only slightly from those obtained in experiment 
9 (Figure 31). The redness values on the Ist, 2nd, 
5th, and 6th days were 2 points higher and on the 7th 
day, as well as initially, were 2 points lower in experi- 
ment 6 than in experiment 9 (Figure 31). In experi- 
ment 6, the initial percentage of Mb was 50 points 
higher than that of O.Mb. After the Ist day, how- 
ever, essentially the only difference between the 2 


REDNESS aL 
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° 


% MMb, Mb, or O,Mb 
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DAYS IN STORAGE 


Figure 7. Mean redness value and per cent metmyoglobin, re- 
duced myoglobin, and oxymyoglobin determined by absorbancy 
ratio method for top surface of duplicate samples vacuum pack- 
aged in polyethylene coated with polyvinyl alcohol in experi- 
ment 3. 
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DAYS IN STORAGE 
Figure 8. Mean redness value and per cent metmyoglobin, re- 
duced myoglobin, and oxymyoglobin determined by absorbancy 
ratio method for top surface of duplicate samples vacuum pack- 
aged in polyethylene-cellophane-polyethylene in experiment 3. 


patterns of distribution of myoglobin derivatives 
were less violent individual fluctuations with time 
and a greater quantity ( by about 10 percentage 
points) of OoMb from the Ist to the 5th day in experi- 
ment 6 than in experiment 9. 


Experiment 8 (Figures 25-27) 

Pouches of polyethylene, coated with polyvinyl 
alcohol gave distinetly different patterns of both red- 
ness value and distribution of myoglobin derivatives 
in experiment 8 than in experiment 7 (Figure 21). 
In experiment 8, there was a much deeper plunge in 
redness value during the Ist day than in experiment 7 
and the Gardner ay, values, subsequently to the 1st 
day, showed a corresponding difference. 

In experiment 7 (Figure 21), the order of the 
myoglobin derivatives from highest to lowest per- 
centage was OoMb, Mb, and MMb. In experiment 8, 
the pigment contained approximately 60% of Mb 
through most of the storage period while O2Mb and 
MMb ecounterbalaneed each other in violent fluctu- 
ations within the range of from 10 to 20%. 

The 211 x 011 can, in experiment 8, gave a pattern 
of redness showing an a, value after the Ist day of 
storage about one unit lower than that obtained in 
experiment 7 (Figure 24). The distribution pattern 
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——T - — of myoglobin derivatives in the can in experiment 8 
| was essentially like that in experiment 7 (Figure 24) 
a except that, in the former, there was complete absence 
2 t——+—_-4—__—— : + --+-— of MMb after the Ist day. Also, in experiment 8, the 
z a ee ee me: quantity of Mb was slightly greater than the quan- 
a a tity of O.Mb—the reverse of the situation in experi- 


ment 7. In both experiments, however, the quantities 
ill of these 2 derivatives fluctuated essentially within the 


range of from 40% to 60%. 


ws 


REDNESS ay, 


—+— 1 
| Mb t + + 
DAYS IN STORAGE 
Figure 9. Mean redness value and per cent metmyoglobin, re- a ~~] 
duced myoglobin, and oxymyoglobin determined by absorbancy 2b 
ratio method for top surface of duplicate samples vacuum pack- WA 
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= Figure 11. Mean redness value and per cent metmyoglobin, 
reduced myoglobin, and oxymyoglobin determined by absorbancy 
1 ratio method for top surface of duplicate samples vacuum pack- 


aged in 211 x011 cans in experiment 3. 
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imitation 


Here is the nearest approach to the true cherry 
flavor yet achieved. 


Givaudan’s Imitation Cherry is highly concen- 
trated —a little goes a long way. Yet it is easy 
to use because of its remarkable stability and 


compatibility with a wide variety of ingre- for 
dients. It lends true, natural cherry taste- 
appeal to processed fruits, summer drinks, CO 
Inc. 


syrups, candies, pharmaceutical preparations imarvaTion 
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powdered form. Ask us to send you samples - New York 36, New York 
and more complete data. 
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products containing sugar 


Playing 18 holes of golf 
requires plenty of energy 


How can a golfer (or anyone 
on a normal diet) get quick 
energy ? 


A good way is to eat or 
drink something with 
sugar 


No other food provides energy 
as fast as sugar and products 
containing sugar, including 
sugar packs 


How sugar keeps you from 
letting down on the back nine 


The “refueling operation” in this month's 
Sugar Information ad tells our sugar-for- 
energy story to 80 million Americans. This 
new ad also points out sugar’s roles as a flavor 
enhancer and an appetite satisfier. The objec- 
is CALORIES! tive: to inform people of the benefits of sugar 
mee and products containing sugar. 
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Figure 13. Mean redness value and per cent metmyoglobin, DAYS IN STORAGE 
reduced myoglobin, and oxymyoglobin determined by reflectance Figure 15. Mean redness value and per cent metmyoglobin, 
Betton: surface of duplicate samples vacuum pack- reduced myoglobin, and oxymyoglobin determined by reflectance 
aged in small glass jars in experiment 5. method for top surface of duplicate samples vacuum packaged in 
211x011 cans in experiment 5. 
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Figure 16. Mean redness value and per cent metmyoglobin, 
reduced myoglobin, and oxymyoglobin determined by absorbaacy 
ratio method for top surface of duplicate samples vacuum pack- 
aged in Saran-cellophane-polyethylene in experiment 6. 


Figure 14. Mean redness value and per cent metmyoglobin, 
reduced myoglobin, and oxymyoglobin determined by absorbancy 
ratio method for top surface of duplicate samples vacuum pack- 
aged in 211x011 cans in experiment 5. 
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fe globin, and 63 and 91% oxymyoglobin. The sample 

Fas of lowest bloom (a, 11.7) was indicated by the 

H} reflectance and absorbancy ratio methods, respec- 

ot {2 tively, to have 18 and 34% metmyoglobin, 61 and 

a 16% reduced myoglobin, and 21 and 50% oxymyo- 

to globin. From these values, it is difficult to say which 

& of the 2 methods presents the more nearly true pic- 

os ture of the facts. It is generally supposed that oxy- 

myoglobin is heavily predominant on a surface of 

80 beef after blooming, and the values indicated by both 
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Figure 17. Mean redness value and per cent metmyoglobin, 
reduced myoglobin, and oxymyoglobin determined by reflectance 
method for top surface of duplicate samples vacuum packaged in 
Saran-cellophane-polyethylene in experiment 6. 


In glass jars, sealed under vacuum, the pattern of 
redness in experiment & differed from that obtained 
by reflectance measurement in experiment 5 (Figure 
13) only in the extremes in variation. In experiment 
§, the ay, value plunged during the Ist day to a point 
2 units lower and on the 4th and 5th days, had values 
about 2 points higher than the values attained in 
experiment 5, Otherwise the patterns were identical. 
The distribution patterns of myoglobin derivatives 
were essentially identical in the 2 experiments except 
that, during the first 3 days, the percentage of OsMb 
was about 15 points higher and the percentage of Mb 
was about 15 points lower in experiment 8 than in 
experiment 5, 


Experiment 9 (Figures 28-31) 
DISCUSSION 

Experiments 1, 2, and 3, constituting the series of 
preliminary tests of the absorbancy ratio method re- 
ferred to previously, all gave values for oxymyoglobin 
which appear to be higher than normal, indicating a 
probability that myoglobin pigment was converted to 
oxymyoglobin in the extraction process. 

Results of experiments 4, 5, and 6, in which several 
types of comparison were made of the reflectance 
ratio method with the absorbancy ratio method, in- 
variably show higher values of oxymyoglobin by the 
absorbaney method than by the reflectance method. 

In experiment 4 (Table 3), Gardner a; values show 
that the samples, even samples from the same animal, 
did not bloom to equal redness. The sample of highest 
bloom (ay, 18.2) was indicated by the reflectance 
and absorbancy ratio methods, respectively, to have 
0 and 9% metmyoglobin, 37 and 0% reduced myo- 


methods might be more nearly balanced than one 
would expect. However, the true proportions of the 
myoglobin derivatives on a beef surface after bloom- 
ing are not known. 

Perhaps the data of Section 2, Part A, Table 3, is of 
a more conclusive nature than that of the first section. 
On the surface of freshly cut beef without a bloom- 
ing period reduced myoglobin should predominate 
overwhelmingly. The refleetanee ratio method indi- 
cated that this was true. With no exception, reduced 
myoglobin was over 50° and metmoglobin was under 
10‘. However, the absorbaney ratio method indi- 
cated for these same surfaces that reduced myoglobin 
was commonly about 20%, while metmyoglobin was 
about 20% and oxymyoglobin was over 50%. This 


\ 

4 (6 
: \ | 
16 \ 
it 


a 


3 


— 


Va 


% MIM b, Mb, ox 0O,Mb 


w& 
° 


| 

| 

| 


\ \ aN 


° 4 e & 
DAYS IN STORAGE 


Figure 18. Mean redness vaiue and per cent metmyoglobin, 
reduced myoglobin, and oxymyoglobin determined by absorbancy 
ratio method for top surface of duplicate samples packaged in 
oxygen in Saran-cellophane-polyethylene in experiment 6. 
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implies that the reflectance method is giving the truer 
values for composition of the meat sample surface. 
Undoubtedly, there is some conversion of reduced 
myoglobin to oxymyoglobin in the time elapsing im- 
mediately after a fresh meat surface is cut. Because 
absorbancy measurements of the sample surface are 
made after reflectance measurements are taken and 
this might allow the meat to ‘‘bloom’’ further during 
the time interval, the determinations shown in Section 
3, Part A, Table 3, were made. The measurements 
used for the absorbaney ratio method were made im- 
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Figure 20. Mean redness value and per cent metmyoglobin, 
reduced myoglobin and oxymyoglobin determined by absorbancy 
ratio method for top surface of duplicate samples vacuum pack- 
aged in 211 x011 cans in experiment 6. 
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An interesting fact is revealed by the data of Table 


3. Beeause of the nature of the color change which 
takes place during the process of blooming, combined 
with the present knowledge of the chemistry of myo- 


w 


globin pigments, it is generally assumed that the 
change of color in blooming is produced solely by the 
\/ conversion of reduced myoglobin to oxymyoglobin. 
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Figure 19. Mean redness value and per cent metmyoglobin, 
reduced myoglobin, and oxymyoglobin determined by reflectance 
method for top surface of duplicate samples packaged in oxygen 
in Saran-cellophane-polyethylene in experiment 6. 
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mediately after a fresh meat surface was eut. The 
results show that the absorbancy ratio method still 
indicated high percentages of oxymyoglobin and low 
percentages of reduced myoglobin for meat from the 
same carcasses as those represented in Section 2 of 
the table. 

The data of Part B, Table 3, show that both the 
absorbaney ratio and reflectance ratio methods will 
indicate high proportions of reduced myoglobin if the o 2 
environment of the sample surface or extract used for 

Figure 21. Mean redness value and per cent metmyoglobin, 
In 
. 4 reduced myoglobin, and oxymyoglobin determined by reflectance 
other words, the methods are valid for a known method for top surface of duplicate samples vacuum packaged in 
circumstance. polyethylene coated with polyvinyl alcohol in experiment 7. 
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determinations is maintained in the reduced state. 
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Sections 1 and 2, Part A, of Table 3, however, con- ——"4 
tain evidence contradictory to this hypothesis. These 7 = 
data show a conversion of reduced myoglobin to both 3 ; 
oxymyoglobin and metmyoglobin simultaneously dur- = 
ing blooming. Perhaps this is evidence that there is a ¥ 
no condition which brings about a unidirectional con- 4 
version from reduced myoglobin to either metmyo- »* 
globin or oxymyoglobin alone but that the latter 2 3 so. 
derivatives always vary in quantity simultaneously. s as 
The proportion of their variations, no doubt, depends "he 
upon the characteristics of the meat as well as upon F he 
Another interesting deduction from the data of = 
Table 3 (Part By) is that if treatment of meat with MY 7 
sodium dithionate produces any effect upon metmyo- o 2 ¢ ¢ 6 


globin, the effect is to increase its concentration. Both 
the absorbaney and reflectance measurements indieate 
that, under the conditions existing in this experiment, 


% MMb,Me, 0,Me 
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Figure 22. Mean redness value and per cent metmyoglobin, 

reduced myoglobin, and oxymyoglobin determined by reflectance 

method for top surface of duplicate samples vacuum packaged 
in polyethylene-Mylar-Saran in experiment 7. 
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Figure 23. Mean redness value and per cent metmyoglobin, 
reduced myoglobin, and oxymyoglobin determined by reflectance 
method for top surface of duplicate samples vacuum packaged 
in Saran in experiment 7. 
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Figure 24. Mean redness value and per cent metmyoglobin, 
reduced myoglobin, and oxymyoglobin determined by reflectance 
method for top surface of duplicate samples vacuum packaged 
in 211x011 cans in experiment 7. 


there is no conversion of metmyoglobin to reduced 
myoglobin by sodium dithionate. 

Results of experiment 4 seem to justify the placing 
of a substantial amount of confidence in the results 
obtained by reflectance in experiments 5 through 9. 
However, there were discrepancies between these data 
and the redness values indicated by the Gardner 
meter. A number of these discrepancies are associated 
with the initial bloom of the meat sample. These dis- 
crepancies suggest questions still to be answered. 
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Figure 25. Mean redness value and per cent metmyoglobin, 
reduced myoglobin, and oxymyoglobin determined by reflectance 
method for top surface of duplicate samples vacuum packaged 
in Olin OF-16 cellophane in experiment 8. 
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Figure 26. Mean redness value and per cent metmyoglobin, 
reduced myoglobin, and oxymyoglobin determined by reflectance 
method for top surface of duplicate samples vacuum packaged 
in air in Olin OF-16 cellophane in experiment 8. 


wit 
12 


210 


02M 

= 


— 
+ 6 40 
DAYS IN STORAGE 


Figure 27. Mean redness value and per cent metmyoglobin, 
reduced myoglobin, and oxymyoglobin determined by reflectance 
method for top surface of duplicate samples vacuum packaged 
in aluminum foil-polyethylene in experiment 8. 
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Figure 28. Mean redness value and per cent metmyoglobin, 
reduced myoglobin, and oxymyoglobin determined by reflectance 
method for top surface of duplicate samples wrapped in Dupont 
cellophane in air in experiment 9. 
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Figure 29. Mean redness value and per cent metmyoglobin, 
reduced myoglobin, and oxymyoglobin determined by reflectance 
method for top surface of duplicate samples vacuum packaged in 
polyvinyl chloride in experiment 9. 
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Figure 30. Mean redness value and per cent metmyoglobin, 
reduced myoglobin, and oxymyoglobin determined by reflectance 
method for top surface of duplicate samples vacuum packaged in 
301 x 411 cans in experiment 9. 


Of primary concern in this investigation was the 
composition of the surface when redness returns to 
vacuum packaged samples in film. The reflectance data 
indicate that although reduced myoglobin appears to 
be the predominant pigment of this prepackaged beef, 
it often remains relatively stable during storage while 
the rise and fall in oxymyoglobin and metmyoglobin 
coincides with increase in redness of samples during 
storage. 

This could denote that there is a direct change from 
oxymyoglobin to metmyoglobin and vice versa by 
natural processes in samples during storage. Some, 
however, who have studied the chemistry of myo- 
globin, contend that reduced myoglobin is a necessary 
precursor of either oxymyoglobin or metmyoglobin. 
Whether or not there is a direct change from metmyo- 
globin to oxymyoglobin is not indicated by the data 
presented herein. The data definitely indicate, how- 
ever, that metmyoglobin is convertible to oxymyo- 
globin by natural processes. The mechanism of this 
change is not known. 

The surface of samples vacuum packaged in im- 
permeable containers, such as cans and glass jars, and 
in flexible packages of very low permeability, such as 
aluminum foil-polyethylene and Saran laminates, all 
with little headspace, usually exhibited a very small 
percentage of metmyoglobin during storage. Return 
in red color of samples packaged in these containers 
seemed to be correlated with increase in percentage 


of oxymyoglobin and decrease in percentage of re- 
duced myoglobin. With the exception of samples 
packaged in experiment 7, however, reduced myo- 
globin was the predominant pigment throughout the 
storage period. In interpreting the results gotten 
with these impermeable packaging materials, it is 
difficult to imagine a source of oxygen for the forma- 
tion of oxymyoglobin from reduced myoglobin since 
metmyoglobin was present in such small quantities. 

Meat packaged in the presence of air (experiments 
S and 9) was very low in oxymyoglobin during stor- 
age. It was high in metmyoglobin and reduced myo- 
globin and when a slight return in red color occurred, 
it was accompanied by an increase in reduced myo- 
globin at the expense of metmyoglobin. 

Meat in experiment 6 packaged in the presence of 
oxygen showed, during the first 4 days of storage, an 
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Figure 31. Mean redness value and per cent metmyoglobin, 
reduced myoglobin, and oxymyoglobin determined by reflectance 
method for top surface of duplicate samples vacuum packaged in 
211x011 cans in experiment 9. 


increase in redness to a value far greater than the 
initial value.4 The inerease in redness might have 
been due either to the excessive amount of oxygen in 
the package or to peculiar inherent characteristics of 
the meat. 

Rikert e¢ al (14) found that when they kept ham 
or beef in atmospheres in which the oxygen pressure 
was varied from 15.6 em to 71.6 em absolute, there 
was decrease in redness during the first 4 days in 
storage, regardless of the percentage of oxygen 
present. However, they found that an increase in the 
initial oxygen content of their gas mixture (COs, No, 
and Oy») retards the rate of redness loss in beef during 
the early part of the storage period, and that such an 
increase also retards the rate of redness return later 


“In experiment 2 and in other work not reported herein, 
when beef was packaged under 6 psig of oxygen, a general 
pattern of decrease in redness during the first four days of 
storage was noted. 
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in storage. Their work was done with a total pressure 
equal to that of the normal atmosphere rather than 
with a supra atmospherie oxygen pressure, as in the 
experiments reported here. 

The reflectance ratio method indicates that the in- 
crease in redness in experiment 6 was accompanied 
by percentages of oxymyoglobin above 70% and 
metmyoglobin below 4%, while reduced myoglobin 
was in the 20% region. When redness of these sam- 
ples decreased after 4 days in storage, it was accom- 
panied by a drastie decrease in oxymyoglobin and a 
large increase in reduced myoglobin, while metmyo- 
globin increased somewhat. 

Meat vacuum packaged in cans with 80% head- 
space (experiment 9) showed serious diseoloration 
through & days of storage, with a return of red color 
oceurring by the 16th day. Reflectance data indicate 
that, with the exception of the 1st day in storage, the 
percentage of reduced myoglobin was relatively con- 
stant while metmyoglobin increased drastically at the 
expense of oxymyoglobin. When redness returned, 
there was an increase in both reduced and oxymyo- 
globin while the percentage of metmyoglobin de- 
creased sharply. These results, like others cited pre- 
viously, constitute evidence that metmyoglobin is con- 
vertible to either reduced or oxymyoglobin under 
natural conditions. 

Beef vacuum packaged in cellophane (experiments 
8 and 9) showed, in general, a poor pattern of red- 
ness during storage. The composition of the pigment 
in the surfaces of this meat was quite variable. A 
minimum ay, value of —0.7 was reached on the 7th 
day, when the percentage of metmyoglobin was almost 
60. On the 5th day of storage, an ay, value of 6 was 
obtained. Visually, this is relatively low redness, yet 
metmyoglobin percentage was only 19%. Numerous 
similar instances in these experiments could be cited. 
It should be noted that, when metmyoglobin is con- 
stant, the determining factor in meat color is the per- 
centage of oxymyoglobin versus reduced myoglobin. 
In the instanee cited above, reduced myoglobin was 
present in high percentage compared to oxymyo- 
globin. 


Samples vacuum packaged in films of extremely 


low permeability or in cans or jars are characterized 
by the presence of less metmyoglobin and more 
oxymyoglobin than are samples in cellophane. 


On the whole, the effect of oxygen in excess in pre- 
packaged beef after the 1st day of storage, appears 
to be that of causing the formation of the true oxi- 
dized meat pigment metmyoglobin. The effect of 
small quantities of oxygen (vacuum packaging) 
appears to be that of producing oxymyoglobin, the 
oxygenated meat pigment. Reduced myoglobin, ap- 
parently, is present as a reservoir, always present in 
large amounts which can be converted easily to small 
amounts of either other pigment and vice versa. It 
is these small amounts of metmyoglobin or oxymyo- 
globin that drastically affect the color of the meat. 

A disturbing facet of this investigation is the fre- 
quent lack of an explanation by either the reflectance 
or the absorbancy ratio method of the extreme loss of 


redness exhibited by vacuum packaged beef during 
the lst day after packaging. This loss may be as great 
as 7 or 8 a; units, yet pigment composition of the 
meat surface sometimes has not been indicated by 
either system of analysis to change during the Ist day 
of storage to a sufficient degree to account for the 
change in ay, value. It is hoped that further study of 
the reflectance method will provide an explanation 
of this phenomenon. 

It should be pointed out here that neither the ab- 
sorbancy ratio nor the reflectance ratio system of 
analysis gives positive evidence of the presence of the 
myoglobin derivatives in the proportions which it 
indicates. There is no chemical reaction procedure by 
means of which the percentages of myoglobin deriva- 
tives could be determined as a check on the spectro- 
photometric methods. The only approach to a cheek 
on the validity of either of the latter methods is an 
evaluation of the results obtained on the basis of logic 
and consistency. It may be said that the results pre- 
sented herein from the reflectance ratio method for 
the most part, appear both logical and consistent. 

The refiectance ratio method and the absorbancy 
ratio method of estimating the proportions of the 3 
forms of myoglobin may, for the present, he described 
as the application to the measurement of color by 
means of the spectrophotometer, of a system of units 
composed of percentages of the myoglobin deriva- 
tives. In other words, color is described in terms of 
the agents believed to produce the color. From theo- 
retical considerations, it is believed that the existing 
percentages of the 3 derivatives are always propor- 
tional to the intensity of spectrophotometric measure- 
ments obtained at selected wavelengths; thus, any 
change in spectrophotometrie intensities will be ae- 
companied by a definite change in percentage values 
for the myoglobin derivatives. Since the system of 
units used to express the spectrophotometrie indica- 
tions is based directly upon spectrophotometer meas- 
urements of what were believed to be pure myoglobin 
derivatives, it seems reasonable to assume that the 
units bear a direct relationship to the percentages of 
the myoglobin derivatives which constitute the pig- 
ment with an accuracy depending upon (1) the 
accuracy of the surface measurements made and (2) 
the accuracy of the absorbancy curves of the pure 
derivatives upon which the ratios of the system are 
based. 
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Effect of Different Length Chill Periods with 
Chlortetracycline and Different Holding 


Conditions on the Shelf Life of 


Dressed Fryers* 


(Manuscript received December 28, 1959 


Ons OF THE MAJOR PROBLEMS as- 
sociated with the handiting and marketing of unfrozen 
poultry is its short shelf life. Since the majority of 
fryers are merchandised in a fresh chilled condition, 
considerable research has been condueted to find 
methods of extending their shelf life. A number of 
workers including (7) and (4) have reported that 
spoilage of poultry held at refrigerator temperatures 
is due to the growth of slime-forming bacteria on the 
exposed surfaces of the carcass. 

Miller (9) found that the dipping of dressed fryers 
in water containing 1,000 ppm free chlorine for thirty 


"Article No. 
Station, 

"Present address: Poultry Department, Virginia Poly 
technic Institute, Blacksburg, Virginia. 


2555 from Michigan Agrieultural Experiment 


E. O. Essary”, L. E. Dawson and 
W. L. Malilmann 


Departments of Poultry Science and 
Microbiology, Michigan State Univer- 
sity, East Lansing, Michigan 


seconds and then cooling the birds in ice water con- 
taining 10 ppm of free chlorine extended the shelf life 
of treated birds to 18 days, whereas the control birds 
were decomposed before that length of time. 

Studies involving the use of penicillin to extend 
the shelf life of flesh foods were conducted as early as 
1944 (7). Since the time when this early work with 
penicillin was conducted, several other antibiotics 
have been introduced for use in preserving foods. 
Early studies by Tarr et al (10), showed that dif- 
ferent antibiotic solutions containing 2 to 5 meg per 
g of solution were effective in inhibiting bacterial 
growth at temperatures between 0° and 21° C. 

Kohler et al (3) and Miller (8) have reported that 
aureomyein inereased the shelf life of dressed fryers. 
MeVicker et al (5) evaluated chlortetraeyeline and 
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No splash... 
No spill... 
No overfill! 


Versatile Flocron dispenser 
ends costly ingredient loss 
for 63 different products! 


Companies who pack, process or can every- 
thing from apple sauce and pickled beets to 
chicken soup and canned meats report sub- 
stantial ingredient savings since using the 
new Flocron liquid dispenser. For the amazing 
Flocron avoids waste inherent in ‘‘overflow 
fill’’ systems, stops ‘‘splash loss'' and dis- 
penses more than forty different ingredients 
with speed and pin-point accuracy that saves 
money. 

The versatile Flocron is actually a precise 
electronic system with photoelectric circuits 
in a sealed unit and a new lever-type photo 
switch to activate dispensing. It assures ac- 
curacy, even on lines handling up to 300 units 
per minute! Remote electronic controls per- 
mit you to ‘‘dial’’ the exact amount of liquid 
required for varying can sizes. 


Designed for efficient, low cost operation. 
The Flocron is made of stainless steel and 
plastic and is constructed to avoid corrosion 
and lengthy breakdowns that result in costly 
downtime. There are no valves to stick or 
clog, and the Flocron is easily cleaned by 
circulating a cetergent solution through the 
fluid system and following this operation 
with a sanitizer. 


No need to revise production lines. The 
Flocron can be operated with existing equip- 
ment. Scientific Dispensing Company tech- 
nicians are available in all areas to assist with 
installation and service problems. 


Some of the liquids you can dispense with 
the Flocron include: ascorbic acid, beef 
gravy, brine, concentrated syrup, hot butter, 
Monosodium Glutamate, spice oils, sugar 
and brine, tomato puree and vinegar. 

For a complete list of ingredients the 
Flocron dispenses and for additional informa- 
tion about the Flocron itself write: 


Scientific Dispensing Company 
Division of 


INDUSTRIAL DIVISION 


Dept. FT-6, 
110 North Wacker Drive, Chicago 6, I/linois 


APPLES Bi = 
NECTAR 
BACON 
GRAPE DR GREEN BEANS 
‘al 
AT BALLS I. 
i OYSTER 
‘ 
0 ~@ { 
~ 
286A 
} 


Now for the first time you can combine vacuum-drying and liquid-solids blending in a single packaged unit — the new 
P-K Solids-Processor. This latest P-K “Twin-Shell’’ development dry blends solids, disperses liquids, granulates and dries 
in simple sequence. 


DRY BLENDING — Solids are tumbled to give gentle precision blending. This may be done under vacuum or atmospheric 
conditions, in inert or sterilizing gas, with heat in jacket up to 200 F., or with cooling water circulated through jacket. 
When needed, intensive blending breaks up agglomerates or gives uniform dispersion of pigments. 


LIQUID DISPERSION, GRANULATING — Minute or large percentages of liquid are uniformly dispersed into solids. 
Dispersion can be sufficiently intimate to provide lump-free production. Or it can be regulated to produce granulations 
of controlled size. As in dry blending, these steps can be conducted under vacuum or atmospheric conditions, in inert 
or sterilizing gas, with heat in jacket up to 200° F., or with cooling water circulated through jacket. 


DRYING — The new packaged system allows vacuum drying of heat sensitive materials with continuous turn-over and 
re-blending of solids. During drying, small balls with an insulating crust that inhibits complete drying tend to form. A 
separately actuated agitator breaks these up, permitting drying to a finished fine powder. In final stages of drying, 
direct hot air or gas can be introduced to reduce liquid content quickly to a fraction of a percent. 


All P-K Solids-Processor systems are completely packaged. Available in standardized models with charge capacities 
from one to fifty cu. ft. 


- | | 
a 
: 
BS, 
72 
| 
4 
¥ 
: 


Revolutionary ! 
P-K Solids-Processor*® 


adds vacuum drying to 
liquid-solids blending... 
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Performs these operations: 


1. Precision gentle blending 
2. Intensive blending 
. Liquid dispersion in solids 


4. Liquid-solids blending 
under vacuum 


Granulation of solids 
Dry blending under vacuum 


w 


Vacuum drying or cooling 
of solids 


8. Heat sterilization of solids 
9. Coating of solids 


10. Chemical reaction under 
heat and vacuum 


i 11. Direct gas drying 


Pre-test model available 


We invite you to bring or send your mate- 
rials to the P-K Pre-test Laboratory in East 
Stroudsburg. A one cu. ft. model of the new 
Solids-Processor is available for pre-testing 

. . to demonstrate things impossible to see 
without pilot study to work out subtle 
variables in blending, granulating and dry- 
ing . . . to indicate accurately scale-up 
results and operational procedures .. . to 
predict savings in materials, labor and 
equipment investment. 


It's best if you can come yourself for pre- 
testing. You'll work with well-qualified engi- 
neers who have made thousands of 
resultful pre-tests for processors. They often 
suggest and produce unexpected product 
variations. Your guidance as to what is best 
for your product or process will be helpful. 
All you need is enough material for three 
separate one cu. ff. trial runs. 

If you are unable to attend, send your 
materials. If possible, include a sample that 
will indicate optimum results. We'll give 
you a complete pre-test analysis 

Write or phone George Sweitzer collect 
at Stroudsburg, Hamilton 1-7500 


Patterson Kelley 


Chemical and Process Equipment Division 
119 Burson Street, East Stroudsburg, Pa. 


*patented and patents pending 
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TOPPINGS 


a GELATIN SATISFIES 
Can the addition MANY REQUIREMENTS 


f a hi h quality Swift’s Gelatins are versatile. Use them as 

7 jelling agents, protective colloids, emulsifying 
agents, clarifying agents, settling agents, floccu- 
lating agents, high protein food, binders, coat- 
ings or stabilizers. 


Swift’s Gelatins are specialized. You have 
a wide choice of especially made gelatins from 
which to select those that will best fit your needs. 


Swift’s Gelatins are uniform from batch to 
batch—-season to season. And each lot is tested 
before shipment. 


Swift’s Gelatins are economical to use be- 
cause they are characteristically high is strength. 
Less is needed for most jobs. 


Why not investigate the many ways that gela- 
tin, the food protein, can help your product and 
boost its sales appeal. Write for details. 


SWIFT & COMPANY 
GELATIN DEPARTMENT 
1215 Harrison Avenue ¢« Kearny, New Jersey 


with specialized gelatins GE-23 
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oxytetracycline (both at 10 ppm) regarding their 
effect on shelf life, raw odor, bacterial population of 
the skin surface, and cooked flavors of ready-to-eook 
fryers. The control birds were considered inedible 
after 10 days of storage. while birds treated with 
chlortetracycline were not inedible until after 16 
days of storage. The shelf life of the oxtetracycline 
treated birds was only 2 days more than that of the 
controls. 

There appear to be several factors associated with 
the length of shelf life in dressed poultry. MeVicker 
et al (6) reported that chlortetracycline-treated un- 
packaged birds had higher bacterial counts through- 
out a test than did chlortetracyeline treated packaged 
birds. 

Kramer (2) using fryers 
processed in the laboratory and also in commercial 
plants reported that on the basis of odor evaluation, 
there was a significant difference (1% level) in shelf 
life among fryers chilled for different lengths of time. 
A 2- or 4-hr chill time in ice slush gave a longer aver 
age shelf life of fryers than did 12-, 16-, 18- or 24-h 
chill times. They also found that seald water tem 


Essary, Moore and 


perature influenced shelf life. 

It was felt that further research should be con 
ducted to study the effect of different lengths of chill 
time, with and without chlortetracycline,© on shelf 
life of fryers. The influence of holding dressed 
birds in flaked ice and in trays after chilling for dif 
ferent lengths of time should also be compared. 


PROCEDURE 


A commercial strain of fryers weighing 3-4 |b live weight 
was used in different tests. They were killed by a throat 
slash, sealded at 128° F for 40 see, pieked on a drum-type 
chill tanks contain 
ing ice slush. Before each test the chill tanks were cleaned with 


picker, eviseerated, halved, and placed i 


hot water and detergent, rinsed, and filled with water con 
taining approximately 20 ppm of free chlorine. They were 
allowed to stand overnight, drained, and rinsed the following 
morning. 

In Test 1, the control group of 12 birds (24 halves) was 
chilled in iee slush for 2 hr. Another group of 12 birds was 
chilled for 2 hr in ice slush which contained CTC at the level 
recommended. Two other groups of 12 birds each were chilled 
in ice slush containing CTC for 12 hr and 24 hr, respectively. 

Fryer halves from the different treatments were then placed 
in flaked iee in separate stainless steel pans and held in a 
35° F walk-in mechanieal cooler. Starting on the seeond day 
of storage, and on alternate days during the balance of the 
test, 2 halves from each treatment were removed and allowed 
to warm up in another room for 15-20 min. Four to 6 judges 
observed and seored the uncooked birds for odor, using a 
hedonie seore sheet with values ranging from 0 to 10, ten 
being the highest score possible. The judges did not know the 
identity of the birds and the individual who arranged the birds 
for odor observations did not seore them. The raw odor scores 
for each 2 halves were averaged for each time. 

The same halves were then examined for total bacterial 
eounts. Each half of the fryer was placed in 400 ml of sterile 
solution in a gallon-size glass jar and shaken thoroughly. Serial 
dilutions were made from the diluent and plated in duplicate 
on tryptose-glucose-extract-agar. One set of plates from each 


half was ineubated at 4° C and another at 20°C. After 3 days 
incubation, total bacterial counts were determined. The total 
eounts of the 2 halves for eaeh treatment at each incubation 

Aureomyein—grade used in poultry chill tanks; referred 
to in this paper as chlortetracycline or CTC, 


temperature were averaged and expressed as the logarithm of 
the number. 

In Test 2, 6 groups of 12 
previously deseribed and placed in chill tanks which had been 
cleaned as for Test 1. Two groups were chilled for 2 hr in ice 


fryers each were processed as 


slush. One of these groups was used as a control; the other 
group was chilled in a tank containing CTC. Two other groups 
were similarly chilled for 12 hr and 2 groups for 24 hr. This 
arrangement provided a control and a treated group for each 
of the 3 chill periods. 

The fryer halves were removed after the desired chilling 
time, drained, and packaged in absorbent-pulp type trays (one 
half fryer in each tray over-wrapped with freezer-type cello 
phane, and heat sealed. The tray packaged halves were then 
held on slatted shelves in a 35° F walk-in mechanical cooler. 

The odor examinations and total bacterial counts were deter 
mined as in Test 1, except all plates were incubated at 20° C, 
Two halves from each treatment were used for the raw odor 


evaluation and total bacterial counts as deseribed, 


RESULTS AND DISCUSSION 

Test 1. Bacterial counts. Total bacterial counts, 
Figure 1, were highest for fryers chilled 24 hr. Total 
count on the control group was lower than on the 24 
hr chill group but somewhat higher than on those 
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DAYS AFTER PROCESSING 
Figure 1. Mean total bacterial counts of fryer halves held 
in flaked ice, average count of two halves for each value. 


groups chilled in CTC for 2 and 12 hr. The 2 hr chill 
group treated with CTC gave lower bacterial counts 
at 4° and 20°C. incubation temperatures than did 
the 12- or 24-hr chill groups similarly treated. As 
would be expected, total counts were higher in all 
groups at an incubation temperature of 20° C than at 
4° C. However, the counts resulting from the 2 dif- 
ferent incubation temperatures were closer together 
after about 10 days’ storage. It is probable that some 
of the same species of bacteria grew at each of these 
ineubation temperatures. 

Test 1. Raw odor scores. The odor evaluation re- 
sults are shown in Figure 2. It should be noted that 
there was little or no difference among the raw odor 
scores of the 4 groups up to 12 days’ storage. After 
that time there was a difference in the rate with which 
objectionable odors developed in each group. It is 
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° ©2 Hr. Chill Control 

Hr. Chill in C.T.C. 
812 Hr. Chill in C.T.C. 
24 Hr. Chill in C.T.C. 


i. 4 


2 4 8 12 16 24 
DAYS AFTER PROCESSING 
Figure 2. Mean odor evaluation of fryer halves held in 
flaked ice, each value is average of two halves. 


interesting to note that the average raw odor scores, 
even after 24 days’ storage, were highest for the 2-hr 
chilled treated birds, followed in order by the 12- and 
24-hr chilled treated birds and the 2-hr chilled con- 
trol birds. However, on the basis of odor, all groups 
would be considered undesirable after 24 days’ storage. 
If dressed birds are marketed and consumed within 12 
days after being processed and held under conditions 
similar to this test, any of the 4 treatments used here 
would be satisfactory. However, the shorter chill 
period of CTC treated fryers would offer additional 
protection for longer holding periods for birds being 
held in ice. When Figures 1 and 2 are compared it 
may be noted that the bacterial counts increased and 
raw odor scores decreased in about the same propor- 
tion throughout the holding period. 

Test 2. A review of Figure 3 
reveals that at 4 days’ storage all 6 groups showed 
bacterial counts in the range of 10° to 107 per half 
fryer. After 4 days the rate of baeterial growth began 
to increase for the control groups faster than for the 
CTC treated groups. It may be noted that the 2-hr 
chill birds of the control group had a lower bacterial 
count after 26 days than did the other controls chilled 
for 12 and 24 hr. Of the CTC treated birds, the 2-hr 
chill birds resulted in lower counts after 26 days’ 
storage than did the 12-hr chilled birds but slightly 
higher than the 24-hr chilled ones. 

Test 2. Raw odor scores. Figure 4 shows little or 
no difference in the average raw odor scores up to 10 


Bacterial counts. 


days’ storage of the packaged halves for the different 
treatments. The 2-hr chilled, CTC treated fryers, and 
the 2-hr control group differed very little in raw odor 
scores up to 18 days’ storage. The 24-hr chilled, 
CTC treated birds, developed objectionable odor 
more rapidly than any of the other groups after 
12 days’ storage, followed by the 12-hr = chilled 
CTC treated birds. When Figures 2 and 4 are com- 
pared, it will be noted that the objectionable odor 
developed faster in halves held in ice, Figure 2, than 
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DAYS AFTER PROCESSING 
Figure 3. Mean total bacterial counts of fryer halves held 

individually wrapped, average count of two halves for each 

value. 


24 26 


in trays, Figure 4, even though the chill periods were 
the same, 

Comparison of bacterial counts between the two 
tests. Since the birds used in both tests were from the 
same flock, processed, and treated in as similar a man- 
ner as possible except for the holding conditions, the 
total bacterial counts for the 2 tests of CTC treated 
birds were plotted together, Figure 5. Only the total 
counts from the 20°C incubation temperature of 
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Figure 4. Mean odor evaluation of fryer halves held in 
trays, each value is average score of two halves. 
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Figure 5. Mean total bacterial counts of CTC treated birds 
of Test 1 and Test 2. 


Test 1 were used to compare with those in Test 2. 
Thus, the birds treated with CTC, chilled for different 
lengths of time, and held in flaked ice can be com- 
pared with similarly treated and chilled birds 
wrapped in tray-packages. It may be noted that the 
total counts were higher after 8-12 days’ storage on 
birds held in ice than in trays. The reason for this 
difference may perhaps be partially explained by the 
removal of CTC in the treated birds by the washing 
effect of melting ice. It would seem that for longer 
storage perids, bacterial counts could be kept lower 
by packaging the birds rather than by holding them 
in flaked ice. Also, the raw odor scores remained 
higher for a longer period of time in packaged birds, 
Figure 4, than for those held in ice, Figure 2. It is 
difficult to explain why chill periods of 12 and 24 hr, 
with or without CTC, gave higher bacterial counts 
and faster development of objectionable odors during 
storage of dressed birds than a chill period of 2 hr. 
Perhaps part of this phenomenon can be explained on 
the basis that there might be some physical destrue- 
tion of the tissues by longer exposure to water which 
enables bacteria to multiply faster, or it might be 
partially due to the changing of the surface of outer 
tissues to a more soluble form so that it becomes a 
better medium for the bacterial growth. 

The results concerning the effect of chill time on 
shelf life obtained here substantiate the work by 
Essary et al (2). 


[OLDING CONDITIONS ON FRYERS 


SUMMARY 


Treatment with CTC gave beneficial effects after 10 
days of storage; however, these tests indicate that 
there is little benefit from CTC treatments during the 
first 10 days of storage as determined by total bac- 
terial count and raw odor scores. 

In most cases, two hour chil! periods, with or with- 
out CTC, gave lower total counts and higher raw odor 
scores than did 12- and 24-hour chill periods. 

Total bacterial counts were lower and raw odor 
scores were higher for a longer storage period for 
CTC treated birds, chilled for 2, 12 and 24 hours, 
and held in tray-packages than for similarly treated 
birds held in flaked ice for similar periods of time. 

There appear to be several factors which influence 
the shelf life of fryers. More research on the influence 
of chill periods and packaging is needed. 
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Time-Temperature Tolerance of Frozen Foods. XXII. 


Relationship of Bacterial Population to Temperature 


Manuscript received August 13, 1959 


Tus PAPER reports changes in 
the size of the bacterial population of several lots of 
frozen vegetables held at various temperatures. It is 
an integral part of the time-temperature-tolerance 
research conducted at this Laboratory. The objectives 
have been outlined by Van Arsdel (25). Investiga- 
tious have been made of the effect of temperature and 
time on frozen peas | Boggs et al (6)|, frozen green 
beans [Dietrich ef al (10)|, and frozen spinach 
| Dietrich ef al (9)|. Similar work with cauliflower 
is In progress. 

The present paper deals with bacteriological 
changes in these 4 vegetables at various temperatures. 
Data were obtained from some of the lots of vege- 
tables used in the studies listed above, and they are 
identified here by the same code numbers. 


EXPERIMENTAL PROCEDURES 


Materials, The peas, green beans, eauliflower, and spinach 
used were processed in commercial packing plants in the prinei 
pul produeing areas of the United States. In all, 18 lots of 
produet were used. For each lot, uniform high-quality raw 
material was seleeted, started through the processing line with 
in a period of one-half hour, and packaged in conventional 10 
or 12-02 wax overwrapped retail cartons. After processing, 100 
to 1200 cartons from each lot were packed in dry iee for ship 
ment, During transit the temperatures did not exeeed 0° F, 
After reaching this Laboratory, all lots were held at 20° F 
until the beginning of the treatments 

At the beginning of each experimental period, sub-lots were 
taken for exposure to various temperatures. Samples were 
Withdrawn at intervals for bacterial counts and flavor tests. 
Control samples were kept at 20° F until bacterial eounts 
were made; these served as the ¢ontrol or initial counts for 
comparisons with counts made during the various treatments. 

On 9 of the lots, counts were repeated at intervals during 7 
to 19 months’ exposure to —20° F, and on 6 other lots during 
2 to years’ exposure to F. Although there were fluetu 


ations in count, due apparently to sample variation, no evi 


denee was found that the bacterial populations changed at this 
temperature, Similar data were obtained by Bennett et al (4) 
on vegetables held at ~—20° F for a year. 

Counts were not made on these lots of vegetables before they 
were frozen. A number of authors, including several cited here, 
agree that counts of viable bacteria are reduced during the 
process of freezing. This subjeet is reviewed by Borgstrom 
(7) and brietly by Desrosier (8). 

Methods. Duration and temperature of each of the treat 
ments are stated below, Baeterial counts were made immedi 
ately after the end of treatment. Samples for taste tests were 
returned to —20° F until tested, 

At first, counts were made on samples of 140 g (half a 
package) or-50 g las specified in the Tentative Official Method, 
Goresline (/2)'. However, two samples from the same package 
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frequently did not agree. For example, 9 packages of peas 
were divided in half and the halves counted separately. In 4, 


250% or less. In the other 5, 


one sample exceeded the other by 
the count on one sample exceeded that on the other by the fol 
lowing percentages: 47, 54, 110, 220, 630. In beans, there was 
less difference between half-packages. The reason for these 
differences was not investigated, but to avoid them, whole 
packages were used as samples. Variation between whole pack 
uges is discussed below, 

Each package to be counted was blended with about twice 
its weight of sterile water in a liter serew-top aluminum 
blender cup. Peas, beans, and caulitlower were usually blended 
while frozen. Spinach can be blended conveniently only when 
partially but not completely thawed. The slurry produced was 
too thick to pipette; therefore a portion was disearded and 
enough sterile water added to give a final dilution of 1: 10. 
During the blending operation, additions to and removals from 
the blender cup were weighed. This operation was systematized 
so that an operator could conveniently count 20 to 30 samples 
in a day. 

After blending, serial dilutions were made in the usual man 
ner, with sterile distilled water as the diluent. The dilutions 
were not allowed to stand more than 45 min before being 
plated, in view of reports that certain bacterial populations 
die on standing in water |Straka and Stokes (23)|. In a trial 
with peas which had been stored at —20° F, however, the count 
was essentially the same whether the aliquots stood in distilled 
water for 130 min, distilled water for 30 min, or 0.5% peptone 
for 30 min, 

All dilutions were plated in duplieate on Difeo Dextrose 
Tryptone Agar, and the plates were ineubated for 3 days at 
86° F (30°C). The colonies were then counted under a 10» 
binocular microscope. With rare exceptions, counts were made 
on plates having 30 to 300 colonies, 

This counting method differs slightly from those recom 
mended by Goresline (12), the American Public Health As 
sociation (1), and the Association of Food and Drug Officials 
of the United States (2), and may have given somewhat higher 
counts. The first two of these methods specify incubation of 
plates at 89.6° F (32°C) and the third at 95° F (35°C). The 
optimum incubation temperature for one of our lots of peas 
was between 80.6° F (27°C) and 86° F (30°C Two of the 
above methods specify the use of a colony counter (about 2» 
magnification), whereas in this work plates were counted under 
10x magnifieation. These differences are not pertinent to the 
conclusions presented here, which are based on comparisons 
within this set of experiments. 

Data on taste show the time which had elapsed when 75% 
of the judges agreed that the sample held at a higher tem 
perature had more off flavor than a control which had been 
held at —20° F. Tasting was done by a panei of 10 to 14 
selected and trained judges, with at least 40 judgments for 
each treatment. The method is deseribed in de ail elsewhere 
| Dietrich et al (10)}. 


RESULTS AND DISCUSSION 


Lot variability. The bacterial count on control 
(—20° F) packages varied enormously between lots. 


Average counts for different lots showed a variation 
of over 200-fold (Table 1, columns 1-5). 
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Morningstar-Paisley is the country’s foremost supplier 
of potato starch and the major importer of food tapioca 
and arrowroot. Modern production facilities are used to 
process highest quality refined and pregelatinized food 
starches to meet all requirements. 

REDISOL,* FRUITFIL,* TENDERFIL,* and FREEZIST® are 
Morningstar-Paisley food starches used by quality- 
conscious bakeries, canned food, frozen food and food 
specialty processors from coast to coast. 

You will profit by knowing them better. 


Starches 


Morningstar-Paisley is the nation’s leading source for 
food-quality water soluble gums—Gum Arabic, Gum 
Karaya, Gum Tragacanth, Locust Bean Gum, Guar 
Gum, Agar-Agar, and Okra Gum. We select, sort, 
grind, blend, and refine them into function-serving 
ingredients for the food and beverage industry. 

The stabilizing, water holding and thickening prop- 
erties of these natural gelling agents are depended 


upon by major food processors. Morningstar-Paisley 
can be depended upon to supply them. 
You will profit by knowing us better. 


Ask about Morningstar-Paisley’s complete line of food 
starches, flours and gums. Tell our Food Technologists 
about your special requirements for thickening, binding 
or emulsifying. Write direct to... 

MOoRNINGSTAR-PAISLEY, INC., 630 W. 51st St., New 
York 19, N. Y. 


*Reg. applied for 


Offices in 28 principal cities from coast-to-coast. In Canada: Morningstar-Paisiey of Canada, Ltd., Toronto 
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THE 
BIG 
DIFFERENCE 


IN protective coating which shields it from oxidation, 


Spray dried, locked in flavors 
are nothing more than tiny globules 


of concentrated flavor encased in an outer 


SPRAY evaporation and the reaction with other ingredients 
DRIED which it might contact. 
FLAVORS The superiority of FRITZSCHE’S AROMALOK™ FLAVORS 
IS is due simply to the fact 
RIGHT that this core or nucleus is composed of 


HERE the very finest flavoring ingredients made. 


FLAVORS tor use in: 


While spray dried flavors are a trifle costlier SOFT DRINK POWDERS 


than their liquid equivalents, GELATIN DESSERT POWDERS 
they offer advantages in certain applications PUDDING POWDERS 
which can more than offset this difference. 
CAKE MIXES 


against flavor loss during manufacture ICING MIXES 
the tendency toward costly overflavoring ICE CREAM MIXES 


is thus avoided. Furthermore, SHERBET and WATER ICE MIXES 
spray dried flavors are easy to handle and store. PIE FILLER MIXES 


MILK DRINK POWDERS 


for use in all powdered products CHEWING GUM 
where flavor retention is a prime consideration. COMPRESSED CONFECTIONS 


PHARMACEUTICAL TABLETS 


Let us submit an AROMALOK™ FLAVOR | for your product. TOOTH POWDERS 


FRITZSCHE BROTHERS, Inc. 


A FIRST NAME IN FLAVORS SINCE 1871 


76 NINTH AVENUE NEW YORK 11, N.Y. 


Branch Offices and *Stocks: Atlanta, Ga., Boston, Mass., *Chicago, III., Cincinnati, Ohio, Greensboro, N. C., 
*Los Angeles, Cal., Philadelphia, Pa., San Francisco, Cal., St. Louis, Mo., Montreal and *Toronto, Canada; 
*Mexico, D. F. and *Buenos Aires, Argentina. Plants: Clifton, N. J. and Buenos Aires, Argentina. 


Assured indefinite shelf life and protected 


They mix readily and will not separate in the 


finished product. They are highly recommended 


€ 
4 
\ 
a 
vie 
1% 
| 
at 
rk 
— 
> J 3 
ime 
rat 
290B 


TIME-TEMPERATURE TOLERANCE OF FROZEN FOODS, XXII. 291 
TABLE 1 average count at’ these temperatures were relatively 


Average bacterial counts for each lot before treatment 
but after storage at —20° F 


Ratio of | 


Average ee | No. of 
Lot Variety and year count per carton | Cartons 
gram te | counted 
average 
Peas 3 Pluperfect, 1954 97,000 12 x 
4 Laxton, 1954 74,000 12 9 
5 Laxton, 1955 51,000 24 10 
6 Vietory Freezer, | 
1955 950,000 2.3 14 
Beans 5 Tendergreen, 1954) 1,300,000 3.1 11 
6 Blue Lake, 1954 13,000,000 1.6 9 
7 Tenderlong, 1955 160,000 1 s 
8 Blue Lake, 1955 1,500,000 1.5 12 
9 Blue Lake, 1955 6,700,000 1.0 2 
17 Blue Lake, French 
ut, 1955 120,000 3.4 6 
Cauliflower 1 March, 1955 1,000,000 23 5 
2 Snowball, 1955 510,000 1.4 8 
3 Snowball, 1956 680,000 1.5 16 
5 Snowball, 1956 340,000 1.4 10 
Spinach 1 Viroflay, 1955 420,000 1.8 2 
; Viroflay, 1955 180,000 1.6 2 
5 Viroflay, 1956 4,700,000 2.5 12 
6 Savoy, 1956 120,000 1.5 Ww 


Package variability. Although no program had 
been established for comparing packages within each 
lot after initial storage at —20° F, it seems desirable 
to present available data to show the extremely large 
variations in count that were encountered between 
packages believed to be similar. Table 1 shows the 
ratio, for each lot, between highest count and average 
count. In the samples examined in the study, the 
variability between packages was greatest in peas 
and much less in beans, spinach, and cauliflower 
Large variations between replicate samples have been 
encountered by Green (14) with frozen shrimp and 
by Gunderson and Rose (16) with frozen chicken 
products. 

Initial or control counts on peas varied over a 10- 
to 50-fold range (Table 2). In 3 of the lots the highest 
count was over 10 times the average of the remaining 
counts, and these 3 high counts were omitted from 
the averages in Table 1. No counts of this magnitude 
were subsequently encountered in these lots after 
exposure to 20°F and below, although changes in 


TABLE 2 
Package variability of bacterial population in peas 


Count per gram in packages stored at —20°F 

Lot 3 Lot 4 Lot 5 Lot 6 
43,000 17,000 34,000 210,000 
58,000 39,900 39,000 220,000 
78,000 47,000 40,000 250,000 
79.000 66,000 14.000 330,000 
82,000 68,000 53,000 370,000 
99,000 91.000 55,000 480,000 
240,000 94,000 58,000 500.000 
1,100,000! 170,000 65,000 100,000 


900,000! 67,000 


1,200,000! 


1 

1,200,000 
1,400,000 
1,500,000 
1,500,000 
2,100,000 
2,100,000 


1 These counts are omitted from the averages in Table 1 


small. 

To minimize the effect of this variability on results 
of our studies, samples were taken for counting in 
duplicate or quadruplicate, and all data shown below 
are arithmetic means of 2 or 4 packages. More repli- 
eates would of course be desirable, but only a limited 
number of packages was available. Although the use 
of geometric means has been suggested for this type 
of data, it would not have changed the conclusions 
presented here. 

Effect of temperatures at and below 20°F. The 
effect of several temperatures for periods up to a year 
on one lot of each of the 4 vegetables is shown in 
Figure 1. Other lots behaved similarly. The bacterial 
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Figure 1. Change in bacterial count at temperatures of —10° 
to 20° F. 


population dropped considerably at 20° F and pro- 
gressively less as the temperature was reduced. In 
some lots the population dropped rapidly at the be- 
ginning of the test and appeared to stabilize later on. 
Tests on cauliflower and spinach were continued for 
2 years, and the count usually continued to drop 
throughout the entire test period. Hucker (17), how- 
ever, found populations exceeding 10* per gram on 
frozen vegetables after 11 years’ storage. A drop in 
viable count during storage of frozen vegetables, of 
the magnitude shown here, has also been reported by 
Hueker et al (18), Bennett et al (4), Guerrant et al 
(15), Jones and Ferguson (20), Wallace and Tanner 
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TABLE 3 


Minimum and maximum survival of bacteria in frozen vegetables at and below 20° F 


Percentage survival at the following times and temperatures 


12 24 12 

Peas 1 lots min 
max 

Keans 6 lots min 32 
max a3 

Cauliflower 4 lots min 55 
mux 107 77 117 

Spinach? lots min 56 
max 

' Daily temperature fluctuation 5 to 5° F (peas and beans) or 


* The upper figure is the minimum survival 
observed at the end of the experimental period. 
stated number of lots 

‘Only 2 months. 


Temperature, ° F 


5to5 

10 to 10 20 20 
Time, months 

24 i2 12 8-12 4-6 4—6 

29 45 24 16 17 

66 61 37 63 a5 

69 17 254 31 

65 o4 RR 
21 at 55 18 32 43 
51 107 103 a1 117 90 
19 56 39 12 17 4 
41 66 a) 13 37 20 


10 to 10° F (cauliflower and spinach). 
observed in any of the lots during the experimental period; the lower figure is the maximum survival 
As some lots were not run at every temperature, some of the pairs of data represent fewer than the 


* Spinach lots 1 and 3 were omitted because of extreme variability between packages. 


(26), the American Public Health Association (1), 
and others |see Borgstrom (7)]|. The count dropped 
more rapidly in frozen orange concentrate {| Wolford 
(28)], presumably because of its lower pI. 

Although the survival at these temperatures aver- 
aged about 50¢¢, individual lots varied from approxi- 
mately complete survival even at the higher tempera- 
tures to as low as 4% survival. (See Table 3 showing 
maximum and minimum survival for each vegetable 
at each temperature, as percentage of initial count.) 
These differences may reflect differences between lots 
in the predominating types of bacteria. As these are 
average counts for small numbers of packages they 
also vary considerably as a result of random variation 
between packages. 

Daily fluctuation between O° and 20° F reduced 
survival of bacteria to roughly the same degree as 
continuous storage at 20° F. This is of interest be- 
cause frozen foods may be subjected to occasional 
temperature fluctuations within this range during 
transit and while in the retail store. 

Peas (lots 5 and 6), beans (lots 7 and 8), and eauli- 
flower (lot 2) were subjected to variable temperature 
treatments more closely resembling those which they 
could receive during shipment and retail handling. 
The 8 components of these treatments were (a) 8 
months’ storage at 0° F; (b) a slow rise in tempera- 
ture to 20°, followed by a more rapid drop back to 
0° F during a 2-week period, representing transpor- 
tation; and (c¢) a rise similar to (b) but stepwise, 
representing retail distribution and eabinet storage. 
In 4 treatments, these components were used in the 
following order: (a), (b), and (e); (b), (a), and 
(e); (b) and (e) only; (¢) only. Survival of bacteria 
after these treatments was never below 25% for peas 
nor below 50° for beans and cauliflower. The treat- 
ments are described in detail by Dietrich et al (10). 

Taste tests of vegetables held at 20° F or below 
showed an inverse relationship between temperature 
and the time elapsed before appearance of an off 


flavor. This is shown in Table 4 for one lot of each of 
the 4 vegetables. The other lots behaved similarly. In 
all lots, the flavor deteriorated rapidly at higher tem- 
peratures. These data are discussed by Boggs et al 
(6) and Dietrich et al (9, 10). They are in general 
agreement with those of Bennett et al (4), Guerrant 
et al (15), Pierce et al (22), and Woodroof and Shelor 
(29). Gortner et al (13) found approximately the 
same palatability loss at 10° F as under temperature 
fluctuation from 0° to 20° F, and Winter et al (27) 
found no difference between snap beans stored at 
0° F and those stored under fluctuation from 0° to 
10° F. 


TABLE 4 


Development of off flavor in frozen vegetables at 
and below 20° F 


Days required for development of off flavor 


10°F) O°F +5° FP |+10° 415° F|+20°F | 


Peas, lot 3 aa 240 240 60 60 28 60 
Beans, lot 6 a 240 120 120 60 42 
Cauliflower, 

lot 5 730 365 70 40 1k 238 
Spinach, 

lot 5 660 te 56 37 1% 17 


1 Daily fluctuation between these limits. 


In view of the probability that bacteriological 
standards will be established for frozen foods, it is 
of considerable interest that viable bacterial counts 
on commercially packed frozen vegetables can often 
be reduced by holding at around 20° F. Vegetables 
with counts considerably exceeding any specified 
limit could thus be brought below that limit by hold- 
ing at this temperature for a few weeks. This pro- 
cedure, of course, would result in rapid flavor and 
color deterioration. The use of this procedure to 
circumvent compliance with regulations would intro- 
duce a difficulty in enforcement of a bacteriological 
standard based on viable count. 
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Effect of temperatures at and above 25° F. All of 
the lots contained bacteria which were able to grow 
at 25° F. The bacterial population usually dropped 
initially and then increased, surpassing the initial 
count after a few days at 30° F or 40° F and a few 
weeks at 25° F. (Figure 2). In one lot of peas the 


25°F, o--0 30°F, o-0 40°F 


Spinach 


Time in Weeks 


Figure 2. Change in bacterial count at 25°, 30°, and 40° F. 
Each count is expressed in terms of average initial (—20° F) 
count for the same lot. The lot number is shown on each curve. 


count inereased over 30,000-fold in 8 weeks at 25° F. 
Other lots probably would have shown similar in- 
creases if followed for longer periods, since counts 
were increasing rapidly at the termination of the 
experiment in nearly every lot. 

Although no bacterial growth was found below 
25° F, one lot each of peas and beans showed sparse 
but obvious mold growth at 20° F. Berry (5) re- 
ported bacterial counts of 10° per gram on frozen peas 
after 2 months at 24.8° F (initial count unreported). 
Bacterial growth has also been reported at 32° F on 
vegetables |Hucker (17)], at 25° F on frozen meat 
|Sulzbacher (24)|, and et 93° F on unspecified foods 
| Ball (3)]. Bacterial growin does not oeceur below a 
temperature of about 14° F [Ingraham and Stokes, 
(19)}. 

The initial drop in count at 25° F to 40° F may be 
due to death of some portions of a mixed bacterial 
population. After growth had occurred at these tem- 
peratures, packages from the same lot sometimes ex- 
hibited enormous variations in count (up to 900-fold) 
even when they had originally been uniform. Proba- 
bly this was due to differences in the types of bacteria 
which became dominant or to variations in the lag 
period before growth began. 

Of 8 cultures isolated from peas and beans held at 
25° F, 6 grew equally well on incubation at 68°, 80.6°, 


and 86° F (20°, 27°, and 30° C), while the other two 
grew well at 68° F but showed optima between 80.6° 
and 86° F. These organisms thus appear to be psy- 
chrophiles as defined by Ingraham and Stokes (19), 
in that they are able to grow near or below 32° F but 
have optima at much higher temperatures. Hucker 
(17) failed to find obligate psychrophiles (capable of 
growth at 32° F but not at 68° F) on any of 195 sam- 
ples of frozen vegetables. 

Although growth’ takes place at temperatures as 
low as 25° F, the vegetables appeared completely 
frozen. At this temperature, however, 10% to 50% 
of the water remains unfrozen in carrots, grapes, 
peaches, and meat [Farley (11); Moran (21); Des- 
rosier (8),page 99]. Probably this is also true for the 
vegetables under consideration here. 

Off flavors developed in the temperature range of 
25° to 40° F before there had been a significant in- 
crease in bacterial count (Figure 3). Thus the initial 
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Figure 3. Comparison of time required for the bacterial count 


to rise to twice the initial count with time required for appear- 
ance of off flavor, at 25°. 30°, and 40° F. 


development of off flavor cannot be the result of rapid 
bacterial growth at these temperatures. The early 
development of off flavor could be related to the 
presence of bacterial cells in their resting or lag 
phase, but this seems unlikely, as the time required 
for development of off flavor is not correlated with 
the total population initially present on the vegetables 
(Figure 3). Therefore it is probably the result of 
non-microbial enzymatic or chemical reactions occur- 
ring within the vegetables at these temperatures. 
Although the initia! development of off flavor is 
thus probably non-microbial, an increase of many 
thousand-fold in the bacterial population will ordi- 
narily result in additional off-flavor. A package of 
peas at 25° F will appear frozen, but if the count 
rises to a billion per gram," the peas will be spoiled 


bacteriologically. 


” The final (8-week) count on peas, lot 5, held at 25° F, was 
1.5 x 10° bacteria per gram. 
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SUMMARY 


Bacterial counts on 18 lots of peas, beans, cauli- 
flower, and spinach were followed during experi- 
mental exposures to temperatures ranging from —10 
to 40° F. Taste tests were also carried out after these 
treatments. 

The average initial (—20° F) count for the dif- 
ferent lots ranged from below 10° to over 10° bacteria 


per gram. 
Within lots, the counts on different packages dif- 
fered by as much as 50-fold. Peas were much more 
variable in this respect than the other vegetables. 
At temperatures of —10° to 20° F bacterial growth 
never occurred, but large numbers of bacteria always 


survived prolonged storage. On a percentage basis, 
survival was extremely variable but averaged around 
50% and only once fell below 10%. Flavor deteriora- 
tion occurred in this temperature range and thus 
could not have been caused by bacterial growth. 

Bacterial growth always took place at temperatures 
of 25° F and above. The population doubled in one 
to 8 weeks at 25° and 30° F, and in less than a week 
at 40° F. Growth can continue to the point of bae- 
terial spoilage at these temperatures. Off flavor was 
detected, however, before the bacterial count had 
increased significantly. Thus, initial development of 
off flavor appears to be unrelated to growth of 
bacteria. 
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SPICES FOR 
PREPARED MEATS 


* Pepper * Marjoram 
* Ginger * Thyme 

* Coriander * Allspice 
* Cardamom * Mace 

* Caraway * Sage 
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ski lodge . . . your prepared meat product wins its 
approval on one basic factor .. . TASTE. Not only good taste 
—but the consistent good taste of quality seasonings main- 
tained at a uniform strength level. SPISORAMA SOLUBLE 
SPICES not only provide this consistency, but give you as well 
the purest, most dispersable, even-spreading and economical 
type of seasoning product available today. Used straight, or 
formulated into a quality blend to fit your specific require- 
ments . . . SPISORAMA SOLUBLE SPICES are your best sea- 
soning buy . . . for any season! 


A a beach picnic, or over a roaring fire in a winter-bound 


Write for copy of “‘The Changing World of Food". 


OUR 161st YEAR OF SERVICE 


DODGE & OLCOTT, INC. 


180 Varick Street, New York 14, N. Y. 


Sales Offices in Principal Cities 


Essential Oils 

Aromatic Chemicals 
Perfume Bases 

Flavor Bases 

Dry Soluble Seasonings 
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Water Processin 


for 


eT.aboratories 


Plants 


eProdauction 


There are few basic problems which offer the 
confusion of choices presented by the broad 
needs of water treatment. 

Whether in laboratory, pilot plant or produc- 
tion uses, purity and quantity requirements 
vary widely ... while the nature of the raw 
water supply introduces still further variables 
in the selection of methods and equipment for 
efficient, economical water treatment. 

Because proper water processing is so critical 
to many of the life sciences served by American 
Sterilizer, Amsco Research has long conducted 
a continuing two-part study of the subject. 


ERIE* PENNSYLVANIA 


STERILIZER 


The first phase of the project has been con- 
cerned with establishing valid standards of 
quality for a broad range of water uses. The 
second, develops advanced methods and equip- 
ment which will produce ample quantities of 
water of required purity. , . at the lowest 
initial and operating costs to the user. 

Experience indicates that an informed 
review of your water processing practices 
can be expected to reveal substantial oppor- 
tunities for improvements and savings. We’ll 
be happy to provide details ... with no 
obligation. 


AMSCO Water Processing Systems 
include Stills from 2 to 500 gallons per hour; 
Deionizers to 1,000 gallons per hour. 


®@ Write for Scientific and Industrial 
Division Bulletin IC601-R. 


WORLD'S LARGEST DESIGNER AND MANUFACTURER OF STERILIZERS, SURGICAL 
TABLES, LIGHTS AND BIOLOGICAL EOUIPMENT FOR INDUSTRY AND RESEARCH 
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Quality of Cabbage Dehydrated After Chemical 


or Steam Inactivation of Enzymes: 


Tue stuDby reported here is a 
comparison of two methods of enzyme inactivation, by 
steam and by chemical means (6), in dehydrated 
cabbage. Ascorbic acid content, physical and organo- 
leptic measurements of color, and appraisal of odor 
and flavor were related to the method and extent of 
enzyme inactivation. The effects of blanching, vacuum 
infiltration, drying and rehydration were also studied. 


MATERIALS AND METHODS 


Trimmed, cored cabbage, twice shredded by a Sterling cut 
ter”, was divided into portions: (a) not infiltrated, (b) vaeu 
um infiltrated with cold water, and (e¢) vacuum infiltrated 
with cold acid-ethanol-surfactant mixture, referred to as AES 
infiltrated. Half of each portion was steam-blanched. The 
infiltration liquid, pH 1.2, consisted of 0.2N sulfurie acid 
plus 48¢¢ ethanol, saturated with erystalline sorbitan mono- 
stearate. (Contemplated use of this surfactant should be 
cleared with the U. S. Food and Drug Administration.) The 
shreds, held with plastic net under liquid, were infiltrated 
in 12 min with 3 eyeles of evacuation and release, drained, 
infiltrated with 0.2M cold sodium acetate, pH 6.3 (2 
and washed by infiltration with cold water. Neutralization 
was judged adequate, as the pH of macerates was about 5.4. 


eye les ) 


Half the cabbage was blanched in steam at 100° C, cooled 
by evaporation (no sulfite was used), and all samples were 
dehydrated 18 hr in a Stokes vacuum freeze-drier” at 23°C 
and packed in cans under nitregen gas with caleium oxide 
desiceant (3). 

The stability ef AES-infiltrated, dehydrated cabbage, held 
6 months at 38° C, was compared with other lots and with a 
control consisting of non-infiltrated, blanched cabbage held 
at —34°C. After storage, the eans with cabbage contained 
1.2 to 5.4% oxygen and no measurable carbon dioxide“. 

Dry eabbage rehydrated slowly and ineompletely when 
soaked in water. A erisper and fully rehydrated product was 
obtained quickly when shreds were infiltrated with eold water 
under a vacuum (2 eyeles of vacuum and release in 5 min). 
To avoid heating the cabbage, its quality was appraised and 
analyzed without cooking or seasoning. The activity of per 
oxidase, catalase, acetyl esterase, and phosphatase was tested 
(a) after infiltration (if any) and before dehydration; (b) 
after dehydration, both before and after rehydration; (¢) after 
storage both before and after rehydration (6). 


*This paper reports research undertaken in cooperation 
with the Quartermaster Food and Container Institute for the 
Armed Forces, QM Research and Engineering Command, U. 8. 
Army, and has been assigned number 1045 in the series of 
papers approved for publication. The views or conclusions 
contained in this report are those of the authors. They are 
not to be construed as necessarily reflecting the views or en 
dorsement of the Department of Defense. 

"Mention of commercial products does not imply endorse 
ment by the U. 8S. Department of Agriculture over others of 
a similar nature not mentioned. 

*The head-space gas analyses were carried out at the lab 
oratories of the Quartermaster Food and Container Institute 
for the Armed Forces, Chicago, Illinois. 


Rachel U. Makower and 
Mildred M. Boggs 
Western Regional Research Laboratory, 
Western Utilization Research and De- 
velopment Division, U. S. Department 
of Agriculture, Albany 10, California 


Measurements of color and aseorvie acid content were made 
directly on the dehydrated cabbage and on the rehydrated 
material (by vacuum infiltration! prepared for appraisal 
before and after storage. The Rd seale of the Hunter Color 
and Color-Difference Meter” was used with ivory standard 
No. SKC-SBC-31. The material was placed in a 9 em eell 


rotating at 115 rpm (4). Aseorbie acid was determined 


colorimetrically with 2,6-dichlorophenol indophenol dye (4). 
Odor and flavor were seored by 7 judges trained with un 
cooked, unseasoned rehydrated cabbage in dimly lighted 
booths, Seore 1 indicated no off-odor or off-flavor and seore 
4 much off-odor or off-flavor. A labeled control (non-infil 
trated, blanched, dehydrated cabbage, stored at 34°C) was 
submitted at each appraisal session to orient judges. Color 
was ranked under uniformly diffused light. A rank of 1 was 
given to samples most like controls and rank of 7 to samples 
most different from controls. All data were treated statisti 
eally by analysis of variance; significance of differences was 
determined by the Dunean shortest significant range test (1). 


RESULTS AND DISCUSSION 


Tests for enzyme activity were negative in cabbage 
infiltrated with acid-ethanol-surfactant mixture and 
in steam-blanched samples whether tested before or 
after dehydration, dry or rehydrated. Chemical 
treatment effectively inactivated cabbage enzymes 
without application of heat. In all respects, enzyme 
inactivation in the AES-infiltrated cabbage was com- 
parable to that in samples blanched in steam. Similar 
tests were always positive in unblanched, non-infil- 
trated and water-infiltrated cabbage. Regeneration 
of weak peroxidase activity after 6 months at 38° C 
was observed in the steam-blanched and the AES- 
infiltrated cabbage alike (2,7). The AES-infiltrated 
cabbage absorbed more water per gram in rehydra- 
tion (16 ml/g) than did any other lots (about 10 
ml/g). 

The effects of processing and storage on ascorbic 
acid content of cabbage was 687 mg/100 g, dry basis; 
dehydration lowered it to approximately 500 mg. 
The losses due to AES-infiltration, neutralization and 
washing were nearly half the original amount, while 
the loss due to infiltration of water was small. The 
retention of ascorbic acid in the dry unblanched cab- 
bage was about the same as in the blanched. Holding 
for 6 months at 38° C resulted in small losses of as- 
corbie acid. Rehydration by vacuum infiltration re- 
sulted in large losses of ascorbie acid in all cabbage 
with almost complete loss in the unblanched material. 
Thus, conventionally dehydrated, steam-blanched 
cabbage lost about 27% of its ascorbie acid in the 
dehydration step and about 40% in rehydration, 
retaining about 30%. When AES-infiltration was 
applied, nearly 80% of the original ascorbie acid 
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TABLE 1 


Ascorbic acid (aa) content in mg/100 g of dehydrated and rehydrated cabbage and its loss in holding for 6 months at 38°C and in 
rehydration. Averages of 3 to 6 determinations. Freshly shredded cabbage contained 48.1 mg aa/100 g or 687 mg aa/100 g dry 


Infiltrated acid 
ethanol-surfactant 


Non infiltrated infiltrated 


Control? Blanched Unblanched Blanched Unblanched Blanched Unblanched 


Dry Cabbage 


After dehydration, mg/ 100 g(dw)* 409 499 495 427 462 173 179 
After holding, mg/100 g(dw)? 466 412 451 $65 355 22 143 
% (of 687) retained 68 60 70 53 52 18 21 


Rehydrated Cabbage 


After dehydration mg/ 100 g(rw) 42.69 42.6" 45.08 40.05 42.08 10.08 10.1% 
After rehydration mg/100 g(rw)* ° 22 22 0.6 18 14 1 5.5 
After holding and rehydration mg/ 100 g(rw)?* 20 15 0 13 0 1.0 2.2 

% (of 45.1) retained 41.6 31 0 27 0 2.0 4.6 


'The controls were held at 34° 
2 dw dry weight basis; rw rehydrated weight basis 
* This is a caleulated hypothetical value of ascorbic acid in rehydrated cabbage, if no loss had occurred in rehydration. Example: 179 mg/100 
179 
g in dry AES infiltrated cabbage He absorbed per gram dry cabbage 16.7 ml; approximate weight 17.7 g; 177 10.1 mg aa per 100 g 


rehydrated cabbage 


Panel appraisals of color show large differences 


was lost in the infiltration and dehydration steps, 


about 10% in the rehydration step, leaving only about from controls in the AES-infiltrated samples. The 
8). These retention values were lowered. slightly color of blanched samples was less changed than that 
during 6 months at 38°C. The unblanched cabbage of unblanched. Color differences between stored and 
retained as much ascorbie acid as the blanched while unstored cabbage were relatively small by organo- 
in the dry state, but lost all of it in rehydration. In leptic as well as physical measurement. They indi- 
the AES-infiltrated cabbage, the residual ascorbic cate a tendency of the cabbage to change slightly 
acid in the unblanched lot was about the same as from green toward yellow (Table 2). Most Hunter 
in the steam-blanched. measurements were not reported on the rehydrated 


and none were reported on the dry cabbage. These 
measurements agreed with each other and the panel 
color appraisals“. They indicate a marked color 
change due to the AES-infiltration and much smaller 
effects from infiltration with water, blanching, stor- 
age and rehydration steps. 

A brief appraisal of the same cabbage (held 15 
months at —34°C) by a technological panel at the 
Quartermaster Food and Container Institute for the 
Armed Forces resulted in color, odor, flavor, texture 
and appearance scores in general agreement with the 
results reported above. 


The AES-infiltrated samples differed greatly from 
the controls in odor, flavor and color (Table 2). Un- 
blanched, non-infiltrated and water-infiltrated eab- 
bage developed some off-odor and off-flavor before 
storage. The cabbage which was both AES-infiltrated 
and blanched significantly more off-odor and 
off-flavor than either the blanched non-infiltrated or 
the blanched water-infiltrated material. This shows 
that the chemical treatment itself affeeted odor and 
flavor unfavorably. The AES-infiltrated, unblaneched 
cabbage had a better odor rating than either of the 
other unblanched samples. In most instances the 
cabbage held for 6 months at 38° C retained its rela- “The advice of H. C. Lukens on interpretation of reflect 
tive position in the series. ance data is gratefully acknowledged. 


TABLE 2 


Organoleptic appraisal and color measurements of rehydrated cabbage before and after storage 
for 6 months at 38° C. Control was held at —34° C 


| Non-infiltrated Indltrated HeO t 
Months | anol-surfactan 
Held Blanched BI shed Unbl shed BI shed Unbl I 
Control anchec nblanche | Blanche nblanched Slanched Unblanched 
Odor—av. scores where 1 0 1.8 1.8 3.2 2.2 3.2 2.7 24 
no off-odor and 4 much off | 
odor! deenade 6 1.6 2.0 1 1.9 3.4 2.9 2.8 


Flavor Av. seores, where 1 0 1.9 1.9 2.8 2.6 2.4 3.5 3.6 
no off-flavor, 4 much 
off flavor! 


Color—av. ranks, where 1 0 | 1.5 1.5 3.0 42 | 4.7 6.4 6.6 
was most like control and 7 | 
most unlike it' y 6 1.0 2.2 3.2 3.9 4.8 6.6 6.4 


Color—Hunter hue angle 0 126 126 123 121 117 106 106 
tan ~-\—b/a in degrees? 6 125 119 119 115 


‘Odor and flavor scores and color ranks were calcuiated on daily averages of 7 judges, 5 repetitions per judge. Differences of the order of 
0.6 were significant for odor and flavor, and differences of 0.3 were significant for color at 1% probability level per Duncan shortest significant 
range test (1) 

* Hue angles in degrees (tan-'b/a) were calculated from average color and color difference measurements (Hunter reflectance values) of 4 
to 5 determinations with rotating dish. Hue angles on the Hunter color diagram begin at the +a axis and increase counter-clock-wise. 
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Exploratory experiments have resulted in cabbage 
of better flavor and color when hydrochloric acid re- 


placed sulfuric acid and when lower concentrations 
of ethanol were used in the AES-mixture. The ae- 
ceptability of the AES-infiltrated cabbage was also 
increased by cooking or by adding seasoning and 
mayonnaise to the uncooked product. It is not un- 
reasonable to expect, therefore, that substantial im- 
provements in product quality can be readily attained 
by further changes in processing conditions. 


CONCLUSIONS 


A chemical method for inactivating enzymes with- 
out the use of heat was applied to cabbage before de- 
hydration. The initial quality of chemically treated 
cabbage was somewhat inferior to non-infiltrated 
steam-blanched controls with respect to color, flavor 
and ascorbie acid. Chemical inactivation, however, 
was equivalent to steam-blanching in effectiveness of 
enzyme inactivation and in stabilization of residual 
color, flavor and aseorbie acid during storage for 6 
months at an elevated temperature. Rehydration of 
cabbage resulted in large losses of aseorbie acid in 


all samples. The non-infiltrated and water-infil- 
trated, unblanched cabbage lost nearly all their as- 
corbie acid in rehydration. Improvement in color 
and flavor in AES-infiltrated cabbage was shown to 
be possible through method modification, 
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Effect of Extraction Rate of Flour and of 
Supplementation with Soya Meal on the 
Nutritive Value of Bread Proteins’ 


Manuscript received November 13, 1959 


HAS REPEATEDLY been shown 
that the nutritional value of flour proteins rises by 
The studies of Chick 
considered as more or less 
or 100% extrae- 
The protein effi- 


ciency ratio of these diets increased as the percentage 


increasing the extraction rate. 
Slack (1) be 
Diets containing 70, 80, 85, 


and may 
typical. 


tion flours were fed’ to young rats. 


of extraction rate rose. 

Adding soya meal to wheat flour is known to im- 
prove the nutritive value of its proteins (8, 11, 15, 16, 
17). Sinee the data published so far are limited to 
supplementation of white wheat flour, the question 
as to whether fortification with has the 
same beneficial effect on the nutritive value of pro- 
teins of both as another 
possibility, whether its supplementary value in dif- 
ferent breads depends to some extent on the extraction 
An investigation of the combined effect 


arose sova 


white and dark bread, or 


rate of flour. 
of extraction rate and level of supplementation with 
soya was therefore undertaken. 


“Supported by a grant from the Ministry of Commerce and 
Industry, Government of Israel. 


K. Guggenheim and 
Naomi Friedmann 


Laboratory of Nutrition, Department 
of Biochemistry, Hebrew University- 
Hadassah Medical School, Jerusalem, 
Israel 


The investigation consisted of three experiments on 
rats. In the first experiment, all dietary protein was 
derived from bread. In the second, bread proteins 
provided one half of the dietary proteins only, the 
other half being supplied by This dietary 
pattern was designed as a model of an adequate but 
not luxurious supply of mixed proteins for human 
diets. In the third experiment, the bread diet was 
gradually supplemented with lysine and methionine. 


casein, 


MATERIALS AND METHODS 


Twenty kinds of flour were prepared from one bateh of im 
ported wheat. The flours differed in both extraction rate (74, 
82, 86, 90, and 959%) and in the percentage of heat-processed 


soya meal added (0, 6, 9, and 12%). These 20 samples of flour 


were used for baking 20 kinds of bread. The breads were 
baked about one year before the study took place and were 
stored at —20°C,. After thawing the loaves were sliced. Then 


they were dried on trays in a cabinet with circulating air at a 
temperature of 60°-7.° C and subsequently powdered. 

Diets containing 9% approximately of protein (1.44% of 
nitrogen) were prepared. In the first and third experiments the 
powdered breads were diluted with a protein-free diet which 
consisted of cornstarch 46, dextrose 45, vegetable oil 5, salts 
(No. 2, U.S.P. XIIT) 4, and the usual vitamins. In the seeond 
experiment one half of the dietary protein was supplied by 


TABLE 1 
Nitrogen and amino acid contents of air-dried breads 


Extraction Supplementa 


rate of tion with Nitrogen Lysine Threonine 

flour soya meal 

% % % mg/g bread mg/g bread 

74 0 > 08 2.00 3.50 
6 2.75 41.00 
62 3.40 4.75 
12 75 5.20 

av 0 2.13 2.25 1.50 
2.40 3.25 1.20 
” 2.53 3.75 4.50 
2.75 1.50 5.10 

3.25 4.00 
2 65 4.00 4.00 
12 2.80 4.75 5.25 

| 

0 2.20 2.70 4.00 
54 3.50 4.50 
66 4.00 5.00 
2 2.83 4.85 5.45 

95 0 2.25 2.75 4.20 
6 2.60 3.75 4.90 
” 2.70 4.20 5.05 
5.04 5.35 

Casein 13.3 


298 


Methionine Lysine Threonine Methionine 


mg/g bread mg/g nitrogen mg/g nitrogen ma/g nitrogen 


2.10 96 168 101 
2.50 118 171 96 
2.30 130 181 95 
2.20 145 187 79 
2.15 111 164 101 
2.20 135 75 92 
2.45 149 170 97 
2.40 164 87 
2.10 115 156 92 
2.15 135 167 1 
2.20 151 1R5 aL 
2.24 170 186 
1.87 118 182 RS 
1.90 138 177 74 
1.90 150 188 71 
2.00 172 193 71 
2.00 122 181 ao 
2.10 144 188 R1 
2.10 158 187 78 
2.25 17% 186 78 

451 241 195 
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the world’s largest nder 


tolerances 


The big advantage of having your corn starches which is designed to deliver corn products of 
mixed in the world’s largest blender is not size of improved quality and precise uniformity. With 
batch, but the perfect starch uniformity you get _ its new facility, P & F can offer industrial starch 

. up to 60,000 Ib. with one bag exactly users production quantities to exact cus- 
the same as the next. The blender is part of tomer specifications, no matter how large 
Penick & Ford’s new starch derivative plant ENICK or small the order. Call 


INCORPORATED 


750 THIRD AVE., NEW YORK 17, N. Y.; 1531 MARIETTA BLVD., ATLANTA, GA; CEDAR RAPIDS, IOWA; 18 CALIFORNIA ST., SAN FRANCISCO 11, CALIF. 
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his little old woman, who lives in a shoe, 
Buys lots of food, good thing its true 
That foods protected with 


Stay fresher longer...thig eagy way ! 


ODAY A WIDE RANGE OF FOODS get the benefits of ‘‘freshness 
protection”’ thanks to SORBISTAT-K (potassium sorbate, Pfizer). 
By effectively inhibiting mold and yeast growth, SORBISTAT-K 

keeps food fresher—and extends its shelf life! 

These are some of the products where SORBISTAT-K has 
proven highly successful: 
e fresh fruit cocktails e high moisture cake batter e cake 
fillings and icings e fruit pie fillings ¢ cheeses e fountain 
fruit syrups e chocolate syrups e prepared salads 
pickles e dietetic jams and jellies ¢ smoked and pickled 
fish e wine e dried fruits. 
SORBISTAT-K iS readily soluble in water. You 
can prepare up to 40% solutions for sprays, 
dips and metering. It has little or no effect 
on the taste. 
New Improved sorsistat For Dry Mix and Oil 
Solution — Pfizer now offers soRBISTAT (sorbic 
acid, Pfizer) for applications where 
water solubility is not a factor. This 
improved form has an extremely 
low moisture content. 

SORBISTAT is a free-flowing 
product that dissolves read- 
ily in oil and fat media and 
can be mixed easily in dry 
form with other dry food in- 
gredients. Complete techni- 
cal data on both SorBISTAT-K 
and SORBISTAT will be sent 

on request. Write today. 


Science for the world’s well-being 


CHAS. PFIZER & CO., INC. 
Chemical Sales Division 

630 Flushing Ave., Brooklyn 6, N.Y. 
Branch offices: 

Clifton. N. J.; Chicago, 

San Francisco, Calif.; 

Vernon, Calif.; Atlanta, Ga.; 

Dallas, Texas; 

Montreal, Can. 
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SOYA MEAL TO SUPPLEMENT BREAD PROTEIN 
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TABLE 2 


Effect 


100% of protein supplied by bread 


Extraction 


rate Supplementation with soya meal, per cent 
0 6 9 

74 1.89 OO 2? 47 
82 > OR 2.35 2.81 
RH 18 2.33 2.91 
90 ” 40 2.57 2.86 

Average 2.29 2.38 7 2.84 

bread and the other by casein. These diets will subsequently 


be called ‘‘bread diet’’ and ‘‘ bread-easein diet’ 
The nutritive value of the proteins of the diets was assessed 
Bender Doell (2). 
feeding one group of rats Gn a protein-free 
of the test 


’, respectively. 


aceording to and The procedure of these 
authors consists 


diet 


and a second group on a diet containing 10% 


protein. After 10 days’ feeding, the difference between the 
weight increase of the two groups divided by the weight of 
protein eaten is defined as the net protein ratio (NPR). In ou 


experiments the NPR of the diets was determined on 3 groups 


ot 4 male rats weighing 40-50 g each. 


Amino acids in bread and casein were examined micro 
hiologienlly (174) and nitrogen by the Kjeldahl method. 
RESULTS 
Amino acids. Total nitrogen and 3 amino acids, ie. lysine, 
threonine and methionine, which limit the nutritive value of 
proteins of wheat and soya (1, 3, 5, 10) were determined in 


the (Table 1 
lysine per g nitrogen increased with both extraction rate and 


breads As expected, total nitrogen as well as 


percentage of soya. Threonine per g nitrogen increased also 
with the percentage of soya but did not appreciably change 
with the amount of soya added but appears to be not much 
affected by the extraction rate. 

Net protein ratio. NPR of the bread diets increased as the 


percentage of extraction and soya meal added rose (Table 2). 


This to related the lysine 
The slope of the regression 


increase was shown be closely to 


content of the protein (Figure 1). 


90 100 110 120 130 140 150 160 170 180 
mg lysine / gm nitrogen 


Figure 1. Relation of lysine content of bread proteins to net 
protein ratio. 


of indieates that an average increase of 10 mg 
lysine per g nitrogen results in an increase of the NPR by 0.18. 
The correlation coefficient between lysine content of the pro 
tein and NPR is 0.66, and the probability that this correlation 
is due to chance alone is 0.001, The figure shows furthermore 


line Figure | 


of extraction rate of flour and of supplementation with soya meal on net protein 


ratio of bread proteins 


50% of protein, supplied by bread and 50% by casein 


Supplementation with soya meal, per cent 
Average Average 
0 6 12 
2.54 6 8.75 4.76 
2.08 3.45 47 77 3.54 
2.75 42 61 67 3.54 
7 
that the regression line would intercept the Y axis at 0.04; 


in other words, the NPR of a lysine-free diet would be 
mately zero, 

In contrast to the 
NPR and 


supplementation 
rise only of the NPR 


approxi 


bread diets, no relation was found between 


extraction rate in the bread-casein diets. Increased 


with soya was accompanied by a small 


very 


In an attempt to elucidate the role played by lysine and 
methionine in raising the NPR of bread proteins brought about 
by supplementation with soya or by mixing with casein, the 
following experiment of gradual supplementation was per 
formed, A bread diet made of flour of 86% extraction and 
not fortified with soya was gradually supplemented: 1. with 


55 mg L-lysine (69 mg L-lysine-monohydrochloride) per g nitro 


gen in order to raise its lysine content to that of the same 
bread fortified with 12% soya, 2. with 173 mg L-lysine (216 
mg L-lysine-monohydrochloride) per g nitrogen to raise its 
lysine content to that of the corresponding bread-casein diet, 
3. with 173 mg L-lysine and 51 mg methionine (102 mg 
pL-methionine) per g nitrogen to raise both its lysine and 
methionine content to those of the corresponding bread-casein 
diet (Table 
TABLE 3 


Net protein ratio of bread proteins (86‘/ extraction rate, no soya 
meal) gradually supplemented with lysine and methionine 


Final concentration of | 


Supplement NPR 
Lysine Methionine | 
mg/g nitrogen mg/g mg/g mg/g 
nitrogen nitrogen nitrogen 
115 we 2.36 
»5 mg lysine 170 92 2.90 
173 mg lysine* v2 
173 mg lysine 51 mg methionine 288 142 $82 
69 mg L-lysine-monohydrochloride 
216 mg t-lysine- monohydrochloride 
216 mg L-lysine-monohydrochlorids 102 me pL methionine 
It can be seen from Table 3 that this gradual supplementa 
tion leads to a gradual inerease of the NPR. It is noteworthy 
that after supplementation of the bread diet to equalize its 
lvsine content to that of the corresponding bread-casein diet 
further improvement was brought about by methionine, thus 
indicating that this amino acid limits the nutritional value of 


the protein under these conditions 


DISCUSSION 


Our experiments show that the nutritive value of 
the proteins of bread diets increases as the percentage 
of flour extraction and of supplementation with soya 
rises. A similar beneficial effect of soya was noted in 
both white and dark breads. This improvement of the 
nutritive value could be attributed to the increased 
A similar correlation 
and lysine content of 


lysine content of the proteins. 
between protein efficiency ratic 


| 
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y=0.018 x +0.04 | 
30+ r=0.66 
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four proteins has recently been established by Flodin 
(6). Woward, Monson, Bauer and Block (9) have 
introduced the term ‘‘complete protein’’ as an index 
of nutritional value of wheat proteins. Using the 
formula of these authors it was found that increasing 
flour extraction from 744% to 95% and fortification 
with soya from Oto 12‘ increases the ‘‘completeness”’ 
of bread proteins from 29% to 538%. Our figure for 
unenriched white bread (29%) is somewhat lower 
than that of Lloward ef al (9) for wheat flour (42% ) 
what may probably be due to partial destruction of 
lysine on baking (13). 

The NPR's of the bread-casein diets were between 
3.30 and 3.96. On the basis of lysine content alone, 
however, NPR’s of 4.95 to 5.67 were expected. The 
facts that the actual NPR’s were lower and_ that 
neither extraction rate nor supplementation with soya 
had any significant effect, lead to the conclusion that 
lysine is no longer the limiting amino acid in these 
diets. It follows from a comparison of the amino acid 
composition of the bread-casein diets with that of egg 
protein (12), that methionine and threonine limit the 
nutritional value of the proteins in the bread-casein 
diets more than lysine. In a recent study on the 
sequence in which the amino acids of casein become 
limiting for the growth of rats (7) it was shown that 
the sulfur-containing acids are the most limiting and 
that threonine is the next limiting amino acid. Our 
experiment on the gradual supplementation of bread 
proteins with lysine and methionine (Table 3) lends 
support to this conclusion, 

It appears, therefore, that the nutritional improve- 
ment of the protein quality by higher extraction rates 
or by supplementation with soya, which may be very 
important in diets in which flour products represent 
the predominant source of protein, is of limited value 
when the protein supply is derived from mixed and 
qualitatively adequate proteins. But apart from this 
limitation it should be recalled that flour fortification 
with soya contributes to the quantity of dietary pro- 
tein and a high extraction rate to the mineral and 
B-vitamin content of the diet. 


SUMMARY 


Twenty kinds of bread were prepared from flours 
differing in extraction rate (74, 82, 86, 90, and 95% ) 
and fortification with soya meal (0, 6, 9, and 12%). 
Lysine per gram of nitrogen increased with both ex- 
traction rate and percentage of soya. Threonine 
increased and methionine decreased with the per- 
centage of soya, and both did not appreciably change 
with extraction rate. 

The nutritional value of bread proteins was assessed 
by determining the net protein ratio (NPR). When 
only bread provided dietary protein, the NPR rose as 
the percentage of extraction and of soya added in- 
creased. Soya improved the nutritive value of pro- 
teins of both white and dark breads. When bread 
supplied one half only of dietary protein, the other 
half being derived from casein, neither extraction 
rate nor soya improved the nutritional value of the 
protein. Whereas lysine is the limiting amino acid in 
bread proteins and is supplied in increasing amounts 


by increasing the percentage of extraction or of soya 
added, this amino acid is not limiting in bread-casein 
diets. 

{mprovement of the nutritional value of dietary 
proteins by increasing the percentage of flour extrae- 
tion or fortification with soya meal may, therefore, 
be expected in diets only in which wheat products 
represent the predominant source of protein. 
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The Estimation of Residual Solvents 


Spice Oleoresins 


(Manuscript received December 28, 1959) 


Tu FOOD ADDITIVES AMENDMENT 
of 1958 to the Federal Food, Drug, and Cosmetic law 
establishes the requirement of tolerance levels for po- 
tentially harmful food additives. In the manufacture 
of spice oleoresins, a number of solvents are employed, 
and it is most likely that some of them will come 
under the purview of the law. It is important, there- 
fore, for users of these oleoresins to have a simple and 
reasonably accurate technique for determining the 
presence and amounts of commonly employed solvents. 

This paper reports a technique for evaluating resid- 
ual solvents at levels below 50 ppm with accuracy of 
within + 12 ppm. Results are reported using methy- 
lene chloride, ethylene dichloride, trichloroethylene, 
hexane, methanol, isopropanol, and acetone, although 
the principle can be extended to any solvent. Each 
solvent was studied individually, and then used in 
combination. 

The general method employed involves adding an 
internal standard of benzene diluted in toluene to a 
50 g sample of the oleoresin and distilling the toluene 
into a Clevenger trap. The benzene is present in a 
known concentration in the oleoresin, and the levels 
of the other solvents are then related to it by making 
a gas chromatographic analysis of the distillate. 

The technique reported was developed with the fol- 
lowing criteria in mind: 

(1) The method must be simple and require little 
operator time. 

(2) A minimal sample size must be required. 

(3) Results must be fairly consistent and reliable 
at the levels required. 


The first two criteria are easily met by the reported 
technique, and in this laboratory no practical diffeul- 
ties were encountered on the third requirement. 


EXPERIMENTAL PROCEDURE 


The procedure was the same for all solvents except methanol, 


for which a separate gas chromatographic analysis must be 
made. The investigation proceeded along the following lines: 
(1) The individual solvents were mixed in known amounts 


with toluene containing 2500 ppm of benzene. These samples 
were analyzed on the gas chromatograph and the actual yield of 
solvent compared with the theoretical yield. 

(2)To avoid eomplications caused by the volatile oils of an 
oleoresin, cottonseed oil was used in place of the oleoresin and 
1 ml of each of the solutions used in (1) was analyzed accord- 
ing to the procedure ‘‘A’’ below, to determine losses in yield 
in recovering the solvent from the oleoresin. 

(3) Mixtures of the various solvents were made at known 
levels, and results obtained corresponding with the method set 
forth in (1) and (2) 

(4) Mixtures of solvents were added to a solvent free oleo 
resin, and the results compared with the anticipated results. 
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Procedure A. Preparation of Sample. Place 50 g of oleoresin 
and 1.00 ml of toulene containing 2500 ppm of benzene in a 
250 ml flask. Add 10 g of sodium sulfate and 50 ml of water, 
2-3 g of solvent-free detergent (Tide), and 3 drops of Dow 
Corning anti-foam A. Attach a Clewenger distilling head for 
oils heavier than water (Scientific Glass Apparatus Co., Cat. 59, 
1959, Oil Apparatus, Volatile, No. JP-5050). Distill approxi- 
mately 15 ml of water, draining the trap into a small bottle 
after each 5 ml of have distilled into it. The volatile 
oils are also drained into the bottle time the water is 
drained. After distillation is complete, the flask should be re 
moved from the heater, and, if desired, a Clevenger trap for 
lighter than attached amd the remainder of the 
volatile oils per-cent volatile oil determination. 
To the bottle 15 ml of distillate and toluene, 
add 15 g of anhydrous potassium carbonate, shake, and cool. 
Shake again after cooling, to completely extract the isopropyl 
aleohol and acetone from the aqueous layer into the oil layer. 
Allow the oil layer to clear, and use for gas chromatographic 
ill solvents except methanol. 


water 


each 


water oils 
recovered for 


containing the 


analysis of 

To assay methanol, place the contents of the bottle in a small 
separatory funnel, and drain the aqueous layer into a 50 ml 
flask. Add 1 ml of a 0.63% v/w aqueous acetone solution as an 
internal standard at a level of 100 ppm. Distill as precisely 
as possible 1 ml. into a Clevenger trap. Drain and run a gas 
chromatographic analysis for methanol. 

Procedure B. The instrument used in 
this study was a Burrell Kromo-Tog model K-1. Its particular 
advantage is the ease with which the column temperature may 
be varied during a In the case of oleoresins containing 
volatile oils, some of which are sesquiterpenes, it is necessary 


Gas Chromatography. 


run, 


to assay the solvents at column temperatures of 60° to 70° C, 
and then the column temperature to 160°C or more to 
clean out the terpenoids. At least one analysis per 90 minutes 
ean be conducted using this procedure, 

The Burrell model employed uses a katharometer as a de- 
tector, and this senses vapor concentrations in the carrier gas 
(helium) at (2). Consequently, 
the relative areas of the various solvent peaks are approximately 
in the 
carrier gas. various solvents and internal 
standards employed in the presence of toluene for this instru- 
and permit calibration of the in 


raise 


approximately molar ratios 


proportional to the relative molar amounts of solvents 
The actual ratios for 


ment are reported in Table 1, 
strument under the conditions of use. 

Analysis of a sample prepared by the procedure under ‘‘ A’’ 
was as follows: 40 micro-liters of solution were injected onto 
a Uecon polar column (Burrell No. 341-152), with carrier gas 
helium at a 40 ml/min, column temperature 150°, 
and cell eurrent selector was set at maxi 
mum. Greater sensitivity of the katharometer would have been 
desirable, and accomplished by reducing 
the cell-bath However, cleaning out the 
column the detector would then become contaminated by the 


flow rate of 


150 ma. Sensitivity 


this could have beer 


temperature. upon 


higher boiling constituents of the volatile oils of the sample, 


and it appeared desirable to sacrifice accuracy for ease in 
analysis. After the chromatogram was recorded, the column 
temperature was raised to 160°C, and held there until the 


column was clean. It was then lowered to 60° C and the next 
sample injected. 

It might be mentioned that neither sample size, flow rate, 
teperature are all are 
compared with the internal standard. 

Integration of areas was performed by a planimeter, since 
this allows smal! adjustments in the base line to be made easily. 

A typical chromatogram of the various solvents and benzene 
is shown in Figure la. An analysis of Oleoresin Celery con- 
taining known amounts of the various solvents except methanol 


nor column critica), as measurements 
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TABLE 1 


Recovery of various solvents using an internal standard according to procedures A and B 


Per cent recovery! 
Range of cone, 


Solvent Sample used ppm 


Average Maximum Minimum 


Ilexane Toluene solutions 24.5-196.0 2.8 82.3 
Clevenger from cottonseed oil 24.5-196.0 
\retone Toluene solutions 2¢ 
Clevenger 2 317 
Isopropanol Toluene solutions 26 
Clevenger 26 $14 
Methylene chloride Toluene solutions 5.6-532 


Clevenger 


Trichloroethylene Toluene solutions 2-181 
Clevenger 2-181. 
Ethylene dichloride Toluene solutions : 188 


Clevenger 


Methanol Recovery from aqueous solutions 3: 200. 
with acetone as internal standard 
Recovery of 1 ml from distillation of ; 60 
15 ml of aqueous KeCOs solution 
Recovery from 50 of cottons -e! 25 200.0 
oil by procedure A 


is shown in Figure Ib. The location of the various solvents is Then 
shown, us is benzene, the internal standard. A typical chro area of solvent 
muatogram obtained by injecting the aqueous acetone-methanol ppm solvent ; 
area of benzene 
A similar factor F for acetone as an internal standard can be 
ealeulated. These factors are given in Table 2. 


mixture in the methanol analysis ts shown in Figure le. 
Formulas used for the interpretation of the chromatograms 

are derived as follows: 

IV. Calibration of instrument. Calibration is based on re 


sults obtained from procedure B. 
taining no benzene add 2.50 ml of benzene per liter. This gives F x 100 


a concentration of 2500 * 10° or 2500 ppm. Let K 


|. Concentration of benzene in toluene. To toluene con 


yield 
where ©) yield = average yield obtained from cottonseed oil. 
Then 


Il. Concentration of benzene in oleoresin when 1.0 ml of 
ubove toluene is added to 50 g of oleoresin. 
sp gr of toluene OS67 
0.867 g/ml * 2500 lo” estimated vield area of solvent 
D0 g ; area of standard 
lo" 43.35 ppm 


concentration of benzene 


The constant K, determined from the Clevenger recovery yields 
IIL. Concentration of solvents as ppm. If areas obtained in Table 1, is given in Table 2. 
from chromatogram are proportional to molar concentrations, 
molecular wt solvent 


ppm of solvent ~ ppm benzene * RESULTS AND DISCUSSION 


molecular wt benzene 
urea solvent The recovery of individual solvents from toluene 
aren benzene solutions and Clevenger distillations is reported for 
typical runs in Table 1. A specific example of the pro- 
molecular wt benzene cedure used is: 


Deflection Deflection 


Deflection 


AIR 
HEXANE 


ACETONE 


NETHYLENE IDE 


150 FROPAK OL 


NETNYLEME ITE 
BENZENE 


Time 


Dichlek/DE 


Figure 1a. A typical chroma- Figure 1b. Chromatogram of Figure 1c. Chromatogram of 
togram of solvents and benzene mixed solvents from oleoresin acetone and methanol in water. 
without toluene. celery. 
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® Years of practical experience in solving food production problems! 
® Can help with your Vitamin enrichment and fortification procedures 
® Offers unlimited supply of vanillin 


® Know-how of years of leadership in ©9!0' field 


THIS FOOD SPECIALIST is a Sterwin Technically-Trained Rep- 
resentative ... an expert with technical and practical experience to 
help you produce better food products more easily and economically. 


He’s cut time, expense, production steps in dozens of cases. . . is 
relied on by food manufacturers (large, medium, small) for prompt 
solutions to color, vitamin, vanillin and other food ingredient 
problems. 


For a new production set-up, or to improve an existing one.. . 
see your local Sterwin Representative . . . costs you nothing . . . can 
save you plenty. 
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RHOZYME for tailored meat tenderizers 


Here’s your chance to get off to a good start in the 
new field of aerosol-packaged meat tenderizers . . . by 
using RHOZYME proteolytic enzymes, of microbio- 
logical origin. Unlike similar products derived from 
other sources, RHOZYME enzymes can be manufac- 
tured to a variety of specifications. They are adapt- 
able to both liquid and powdered meat tenderizers. 
Basic formulations for both types are now available 
from our laboratories. The liquid tenderizers are 
“naturals” for packaging in spray dispensers . . . for 
convenient, logical, economical application. And 
since the use of aerosol cans in food marketing is a 
novelty, tenderizers sold in such containers should 
enjoy an excellent sales position on retail shelves. 
The action of RHOZYME enzymes is also valuable in 
processing many other protein-containing materials. 
Examples include: modifying whey protein for cheese 


spreads; improving the baking characteristics of 
bread, crackers, cookies, pretzels; producing protein 
hydrolyzates for diet foods, breakfast cereals, phar- 
maceuticals; and converting protein wastes (e.g. fish 
solubles) to animal feeds. Write to Dept. SP-26 for 
useful suggestions on the use of these enzymes. 


RHOZYME is a trademark, Reg. U.S. Pat. Off. and in principal 
foreign countries. 


Chemicals for Industry 


ROHM HAAS 


COMPANY 
WASHINGTON SQUARE, PHILADELPHIA 5, PA. 
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A 1.5% v/v solution of hexane in toluene containing 
the 2500 ppm of benzene is prepared. This solution 
is the equivalent of that obtained from 50 g of oleo- 
resin containing 196 ppm (weight) of hexane. The 
toluene solution is analyzed by procedure B to deter- 
mine yield from it. 1.0 ml of the toluene solution 
is added to 50 g of cottonsed oil, and procedures A and 
B followed. This determines the losses resulting dur- 
ing the recovery of hexane from the oleoresin. 

Comments on each of the solvents follow: 

Herxane. The recovery from the Clevenger distilla- 
tion was approximately one-half of the recovery from 
the toluene solution, but is reasonably consistent. An 
average recovery of 45% to 65% ean be expected, with 
the probability of greater or lesser recoveries small 
Apparently the loss is due to displacement of hexane 
vapors with the air as the mixture in the Clevenger 
is brought to a boil, since cooling the condensor water 
below 0° did not improve recovery. No complications 
were introduced by using mixtures of solvents or in 
oleoresins. 

It should be noted that the hexane used was a com- 
mercial grade, and had two components. These were 
both caleulated as hexane. 

Acetone. Recovery from the toluene solutions at 
various levels was very consistent, with an 80.3% 
average yield. The yield from Clevenger distillation 
averaged 68.1%, and varied between 57% and 80%. 
This was not due to losses from solution of acetone 
in the aqueous potassium carbonate layer, since only 
two to three per cent of the acetone remains in this 
layer, depending upon the volume of essential oils 
present. The superior recovery of acetone as com- 
pared to hexane is probably due to most of it trans- 
ferring into the aqueous layer in the Clevenger and a 
consequent reduction in its vapor pressure, reducing 
the loss in the displacement of the air. 

Tsopropanol. This behaved very much like acetone, 
but Clevenger recoveries were by and large of the 
same magnitude as the recovery from the toluene solu- 
tions, both being about 70%. Less isopropanol than 
acetone was probably lost in the displacement of air. 
The single result reported out of line with the others 
is the recovery from mixed solvents in cottonseed oil, 
and this may be an experimental error. 

Methylene chloride. Reeoveries from the toluene 
solution were very close, and average 80%. Recoveries 
from cottonsed oil were reasonably close to each other, 
and averaged 44.4%. The loss here, as in the case of 
hexane, can be explained by displacement of a portion 
of this very volatile solvent in air. Consistent results 
were obtained in assaying at levels of 16 ppm. 

Trichloroethylene and ethylene dichloride. These 
solvents are very similar in their behavior, and con- 
sistent recoveries were obtained. Since these com- 
pounds appear just before the toluene, any imperfec- 
tions in the column which cause a leading edge on the 
toluene curve may affect the base line, and some in- 
terpretation of the base line may be necessary. The 
variation reported is that which is typical under 
operating conditions. 

Methanol. The solubility of this solvent in the po- 


TABLE 2 


Factors F and K for calculating solvent concentration and 
calibrating instrument with benzene at 43.35 ppm 
and acetone at 100 ppm as internal standards 


For standardization with benzene 


Solvent F % Yield K 

Hexane 417.8 48.5 98.6 
Acetone 2.2 68.1 47.3 
Methylene Chloride 48.3 44.4 108.8 
lsopropanol 33.3 70.1 47.5 
Trichloroethylene 72.9 107.5 67.8 
Ethylene dichloride 54.9 89.8 61.1 
For standardization with acetone 

Methanol 55.2 58.3 94.7 


'From Table 1, Clevenger distillation averages 


tassium carbonate solution is very great, and in the 
toluene low. It was not practical to secure the meth- 
anol in an anhydrous state, which meant that a water 
soluble internal standard must be used. Of those in- 
vestigated, acetone was the most feasible. Table 1 
presents data indicating that recovery of methanol 
using acetone as an internal standard was consistent, 
and that dilution in water did not interfere with the 
assay. Recovery of 1 ml by distillation of 15 ml of 
aqueous solutions containing methanol in amounts 
comparable to those obtained under procedure A, and 
analyzing, gave yields averaging 50%, and recovery 
from cottonsed oil gave yields averaging 58%. The 
only yield out of line with the others was from oleo- 
resin celery, where a recovery of 82% was obtained. 
The cause of this discrepancy is not known. However, 
it was possible to assay at levels of 25 ppm with fair 
accuracy, and at this level the variation in yield is not 
important. 

Mizred solvents. Results using mixtures of solvents 
were reasonably consistent with those observed with 
single solvents. Table 3 gives typical results. 

Calibration of instrument. It is apparent that 
yields of solvents were generally below those which 
would be obtained if formula III, stating that the in- 
strument produces a response strictly proportional to 
molar concentration, were correct. The data presented 


TABLE 3 
Recovery of mixed solvents 


% recovery from! 


Actual 
ppm Cottonseed 
oi 
1. From toluene containing 
2500 ppm benzene 

Hexane $2.5 101.0 63.9 
Acetone 66.7 68.2 74.2 
Methylene chloride 44.4 R48 45.6 
Isopropanol 52.4 81.5 52.5 
Trichloroethylene 30.4 85.2 77.3 
Ethylene dichloride 24.0 R4.2 83.2 

Actual To recovery! 

opm Run 1 Run 2 Average 

2. From mixed solvents in 
oleoresin celery 

Hexane $2.5 61.1 59.7 59.1 
Acetone 66.7 57.4 52.8 55.1 
Methylene chloride 215.0 43.1 49.8 46.5 
Isopropanol 54.0 66.5 75.0 70.7 
Trichloroethylene 30.4 98.8 101.3 100.0 
Ethylene dichloride 84.0 91.5 101. 96.3 
Methanol 63.2 85.5 78.2 81.8 


1 Factor used 
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provide factors for calibration of this type of instru 
ment under the operating conditions, and deviations 
from the theoretical are to be expected. 

When various combinations of solvents are analyzed 
by themselves, using sample sizes of 3 to 5 micro- 
liters, duplication of results within 1 are easily 
achieved on a given sample. Tlowever, response of the 
instrument to a given solvent is dependent upon the 
quantities of other solvents in combination with it, 
and these non-linearities for a given solvent would 
be important if a sample of the solvent mixture alone 
was being analyzed. The addition of a relatively high 
percentage of toluene in this technique overcomes this 
difficulty, since in this case the principal non-linearity 
is due, apparently, to the toluene, and this is constant. 
Hlowever, the sample size of 40 microliters overloads 
the column, and interpretation of the base line just 
before the toluene comes off is often important. Com- 
plications due to other constituents of the oleoresin 


also appear to be minimized, but variations such as 


are reported appear to be inherent in this technique, 

Other types of non-linearities are discussed in refer 
enee works on gas chromatography (7,3, 5 

The instrument may be calibrated for average con 
ditions by formula IV, and the constant K determined 
This is given in Table 2. Use is made of KC in ealeu- 
lating the results presented in’ Table 4, which gives 
the actual estimates of levels of mixed solvents present 
in Various oleoresins, according to this procedure 
Differences between actual and estimated concentra 
tion are not great, except in the case of methanol, as 
already noted. The magnitude of error is generally 
less than 5 ppm at levels of 10 to 30 ppm. 

As previously mentioned, trouble with the base line 
may be encountered with constituents following ben 
zene. This is apparently caused by an overloading 
of the column with toluene and essential oils, and is 
particularly serious when levels below 30> ppm are 
being assaved, Thorough cleaning of the column be 


fore each analysis minimizes this difficulty 


TABLE 5 


Recovery of solvents from dispersed oleoresin paprika 


Run 1 at Run2 
Recovery R Recovery 


Actual level in 
ppm recovers 


Solvent 
oleoresin, ppm 


Methylene chloride 
Acetone 
Trichloroethylene 


Recovery of solvents from dispersions of oleoresins. 
Since many types of oleoresins are dispersed on salt 
or dextrose to make ‘‘soluble’’ seasonings, the tech- 
nique was adapted to recovery of solvents from such 
seasonings. 

Procedure: 15 ¢ of oleoresin paprika containing a 
known amount of 3 solvents was dispersed on 285 g 
of salt in a mortar and pestle. The entire quantity 
of the dispersion was placed in a 500 ml flask, and 
“Tide,” antifoam, and exactly 0.30 ml of toluene 
containing 2500 ppm benzene added. It was immedi 
ately covered with water, a Clevenger head was at 
tached, brought to a boil, and 15 ml of distillate col 
lected. Procedure above was then followed to 
determine the solvent content in relation to benzene 

Results are given in Table 5. It should be noticed 
that these are in fairly good agreement with the re 
sults obtained with the oleoresins alone, and indicate 
that the procedure is meaningful when applied to dis 
persions. These results also prove, incidentally, that 
solvents are not lost to any great extent during the 
dispersing operation. 


SUMMARY AND CONCLUSIONS 

A procedure for the determination of residual 
amounts of solvents commonly used in the prepara 
tion of spice oleoresins is developed and evaluated. 
Lach solvent was studied individually and in combi- 
nation with other solvents. Results appear reasonably 
consistent and accuraey of within 25 at 25 ppm 
can be expected. The technique is suitable for routine 
control procedures since it takes little operator time. 


TABLE 4 


Recovery of various solvents from representative oleoresins, with factor “K” 


Oleoresin Hexane 


Level, ppm 

Recovery, of theory 
Magnitude of error, ppm 
Level, ppm 

Recovery, © of theory 


Magnitude of error, ppm 


Black pepper 


Black pepper 


Level, ppm 


Recovery, ©) of theory 


Paprika 


Magnitude of error, ppm 
Level, ppm 

Recovery, % of theory 
Magnitude of error, ppm 
Level, ppm 

Kecovery, % of theory 
Macnitude of error, ppm 
Level, ppm 

Recovery, % of theory 


Magnitude of error, ppm 


Nutmeg Level, ppm 


Recovery, % of theory 
Macnitude of error, ppm 
Mace Level, ppm 
Recovery, % of theory 
Magnitude of error, ppm 
Level,ppm 


A\nnatto and Turmeris 
Recovery, % of theory 
Magnitude of error, ppm 


Acetone 


Trichloro Ethylene 
ethylene dichloride 


Methylene 


chloride Methanol 


Isoprepanol 
21.0 
84.0 

21.0 
71.8 

5.9 
21.0 
83.0 


a 


tS 


swe warns 


15.8 
220.0 
+19.0 


‘ 

23.7 14.4 61 20.0 RS 
4. 14.2 16.7 117 9.2 65 , 
26.3 33.2 R2 20.1 80 
stad 

of’ 
q 

| 

| 

4 

it 

Tt ; a9 
151.0 166.0 

+8.7 > 
11.0 13.2 
93.0 a3.0 
0.8 
143.0 1200 202.0 
+2.7 1.8 16 +16.2 

Celery 5.5 15.8 

97.5 127.0 

15 

ys Celery 5.5 20.3 18.3 
141.0 117.0 116.0 

+-§.25 +3.8 +2.9 

“4 

a (Celery SEES 66.7 215.0 54.0 30 84.0 63.2 

125.0 79.8 104 101.1 93. 107.1 140.0 

13.5 +10 +0.6 2. 16.0 $25.8 
5 6.6 18. 12.2 

72.8 92. 96.0 

1.8 —1 0.4 

oy 5.5 13.2 18 12.2 
1 99.0 112 102.0 

1 +1.6 +2.2 

0 13.2 11.0 13.1 24.4 21.0 
"athe 1 0 107.0 125.0 46.5 80.0 79.6 : 
5 L0.9 +2.8 7.0 1.9 4.3 

wee 
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Thermal and Nonthermal Degradation of Acronize° 


Chlortetracycline in Fish and 
Some Shellfish 


Manuscript received May 21, 1959 


Q. ITE RECENTLY the United States 


was added to the growing list of nations that permit 


the use of an antibiotic for maintaining the freshness 
of fish. Limited use of Acronize* chlortetracycline 
(CTC) was granted by the Food and Drug Adminis 
tration in an order signed on April 14 and published 
in the Federal Register, April 21, 1959. The order 
permits the inclusion of this antibiotic in ice or in 
dip solutions for round (whole), gutted and headed 
fish, shucked scallops, and nonpeeled shrimp. Many 
investigators have conclusively shown the benefits of 
CTC in extending the edible life of fish (3, 4, 6, 7, 10, 
11, 12, 13), shellfish (7, 3, 8) and other perishables 
(2). Of the tetracyeline group of antibioties, CTC 
was found to be the most effective (9). 

It has been shown that when chlortetracyeline was 
applied according to the conditions prescribed by the 
manufacturer, very small amounts of the antibiotic 
were absorbed by the skin and flesh of fish. The 
present study was undertaken to determine the effect 
of several methods of processing on the degradation 
of varying amounts of CTC contained in fish flesh. In 
some of these experiments the amounts of CTC found 
in the flesh initially were much greater than would be 
expected under commercial conditions. This was done 
to find out what level of CTC could be expected to 
degrade completely and the amounts remaining when 
total antibiotic destruction is not experienced. 


‘The trademark of American Cyanamid Company for the 


food grade of chlortetracyeline is Aecronize. 


E. F. Kline, A. Abbey, 
M. C. Firman and P. F. Hopper 


Food Industry Department, American 
Cyanamid Company, Princeton, New 
Jersey 


EXPERIMENTAL 


Materials and methods. For the purpose of this study fish 
were treated with CTC, in the two usual methods of applieation 

dips and antibiotie ice. The quantity of CTC found initially 
on the products varied from expected amounts of residue to 
quantities far in exeess of those anticipated. Since both 
methods of application are topical ones, it is of interest to 
know how much antibiotic is absorbed and where it will be 
found in the fish 

As might be expected more CTC is found in the skin and 


scales than in a steak or in the flesh alone. For example, CT¢ 
values found in the skin and seales of cod and lingeod were 
2 to 2.5 meg/g. The flesh of the same fish, however, contained 
only UV to 0.28 meg CTC/g. The longer a seafood remains in 
contact with CTC ice, the greater the opportunity to absorb 
the antibiotie. CTC was found at a depth of 1% inches in a 
large codfish which had been kept for 17 days in ice containing 
> ppm of this antibiotic. Shrimp kept in 5 ppm CTC ice were 
assayed after 2 days and found to contain 0.21 meg CTC/g of 
Hesh; after 4 days 0.41 meg/g was found; after 8 days the 
ussay revealed 0.65 meg/g; 1.25 meg/g was found after 12 
days and 1.29 meg/g after 14 days. On the other hand, the 
amount of antibiotic found in fillets which had been dipped 
for 30 see in a 10 ppm CTC solution was as much as 1.04 
meg/g of flesh 

All CTC assays were conducted on 5-g samples (dissected 
from whole fish or from ground steaks or fillets) homogenized 
with 20 ml of pH 4.2 acid acetone in a Waring blender and 
allowed to settle in a refrigerator. A modified paper dise agar 
diffusion method was used for evaluation of CTC content (7). 
In most instances 5 samples were used for assaying for each 
value of CTC, in a few cases less than 5 and in many other 
causes, more than 5 sumples were employed. 

Cooking procedures consisted of frying, broiling, boiling 
and stewing (5). Before cooking all fish were eviseerated and 


the head, tail and fins were removed, 
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TABLE 1 
Degradation of chlortetracycline in flounder fillets by frying in deep fat—375° F 


7.5 min 10 min 


oo min 2.5 min 5 min 


\ve age of nn oe Ave age of Neantive Average of Negative Average of Negative 
poles samples samples samples 

megs media % meg/@) % meg/@) (%) (meg/g) (%) 
0.50 0.06 neg 100 neg 100 
O64 ‘ neg 100 | neg 100 
117 40 O04 40 neg 100 
ONT wis 0.10 neg 100 neg 100 
10 neg 100 


Fat Fi ying 
2.5 min-—-extremely light cook 


5 min light cook 


7.5 min average 


10) min well done 
Each assay value represents an average derived from 30 readings with a total of 5 fillets being used for each determination 


Other procedures studied were canning, pickling and TABLE 3 
emoking. Degradation of chlortetracycline during the canning of fish 
Cooking. Flounder fillets were fried for 2%, 5, 74% and 10 
min in deep fat at 375° F (Table 1). Other flounder fillets Antibiotic content at intervals during retorting—meg/¢g 
were fried in a skillet containing melted shortening at 310 Kind of ; 
s20° 4 min per side. Another group of fillets was broiled and Per cent of full retorting time 
for 7 min, unturned, 2-3 in from the flame (Table 2). canning 100 
Canning. Sardines and salmon were packed in cans raw; had —— veed om on 
dock and tuna were partly cooked before being packed. Haddock 0.33 neg neg neg neg — 
Haddock were steamed for 5 min and tuna for 3 hr (50-60 Ib A 0.05 


fish). Sardines were preeooked at 220° to 235° F for 4 to 6 228 0.05 neg neg neg neg 
min after they were placed in the eans. Haddock after packing 


were retorted at 240° F for 45 min, salmon at 240° F for 70 Satmon’ oe =e neg neg shied 
02 on osne ¢ 240° F 0.68 neg neg neg neg 
min, sardines at 230° F for 75 min and tuna at 240° F for 70 min 2 23 neg neg neg neg 
70 min (Table 3). 3.73 neg neg neg neg 
Pickling. Herring were pickled by being placed in a cure 
luti f 5 di rts » ond the laced Sardines 0.42 0.08 neg 
rine solution for o days at room temperature ane jen placer 230° F 1.10 oll neg 
in a refrigerated ‘‘finish brine’’ for 5 weeks. This was fol 75 min 2 50 0.75 , neg 
lowed by a 12 to 14 hr wash with fresh water (Table 4). 5.10 0.75 . ve . neg 
Smoking. Both “hot” and “cold” smoking techniques were 
Tuna* 0.62 ‘ neg neg neg 
used on fish, Alaska eod were ‘*hot smoked’’ by being placed 240° F 149 cast neg neg neg 
for 1 hr in 65 salometer brine and then cooked in the smok- 70 min +06 : re neg neg neg 
ing chamber at 140° F for 12 to 14 hr. During the last half * Assays on flesh only 
hour a heavy smoke was applied while the heat was turned com Raw flesh assay values are averages of determinations on 5 haddock, 


pletely off. Salmon were ‘‘cold smoked’? by being immersed 3 salmon, 1 tuna, and 1 sardine. 
Retorted flesh assay values for salmon, haddock and tuna are aver 


anys washed with fresh ages of determinations on 5 cans, two aliquots taken from each can. 
water for 45 min and smoked for 6 hr at room temperature For sardines the retorted flesh assay values were derived from 1 sardine 
(Table 5). taken from 1 can, 

Shellfish. Since shellfish can be eaten raw or cooked for 
shorter periods than those employed for vertebrate fish, it was 
of interest to conduct assays on some of the popular varieties RESULTS AND DISCUSSION 
be fore and ufter customary cooking procedures. Oysters were The frying of flounder fillets in deep fat for 10 min 
fried for 2 to 5 min in melted shortening at 360° F, Other 
oysters were stewed by being heated alone in their liquor until 
the edges curled and then with hot milk (185° F) for 10 min. trates the antibiotic residues which remained when 
Seallops were fried in melted shortening at 375° F for 4 min flounder fillets containing various levels of CTC were 
and shrimp were cooked in boiling water for 3 min (Table 6). 


completely degraded the antibiotic. Table 1  illus- 


TABLE 4 


TABLE 2 
Degradation of chlortetracycline in herring—resultin 
Degradation of chlortetracycline in flounder fillets by . from pickling . . 


frying and broiling 


CTC remai 
: Neuiker TC remaining following each 
Raw Fried Broiled of fish step—meg/g 


assayed 


verage of Average o Ski ‘les Ste: 
samples comptes samples samples A. Whole fish as landed 3 1.11 O.10 0.14 
3 1.51 O.15 0.13 
(meg/g) (mey/g) (%) (meg/g) (%) 3 3.70 0.55 0.78 
0.74 neg 100 0.05 60 
0.86 neg 100 0.06 40 B. One minute washing following 3 0.45 neg —0.08 0.08 
1.64 0.05 60 0.23 0 beheading and evisceration 3 0.14 neg neg 
1.87 0.06 40 0.10 20 | 3 1.91 0.42 0.41 
2.77 0.08 0 | 0.50 0 
3.10 } 0.37 0 O31 0 C. Cure-brining for 5 days at | 10 0.13 neg —0.08 |neg —0.07 
| 0.06 0 O81 | room temperature 10 neg —0.06 |neg —0.05 | neg —0.05 
Fried—-310—320° F, 4 min per side. 10 0.41 0.28 0.23 
Broiled—-Oven set to broil, fillet placed 2-3 in from flame for 7 
min, unturned D. Refrigerated “finish brine 10 jneg —0.05 neg —0.05 |neg —0.05 
Each assay value represents an average derived from 30 readings for 5 weeks, then 12 to 14 = =a he eee 
.07 12 | 


with a total of 5 fillets being used for each determination. hour wash 
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@ low sweetness 

@ soluble, uniform 

@ free flowing, anti-caking aid 
@ flavor-enhancing 

® pigment-absorbing 

® valuable nutritional properties 


® crystallization control 


MOST-VERSATILE SUGAR | KNOWN 


Lactose is an amazing sugar with unlimited uses. It can improve your 
present products and help you develop new ones. It can lower your 
costs, simplify your processing. New uses are being discovered for it 
every day. 
Only Western can supply Lactose (edible) in the full range of par- WESTERN 
ticle sizes required for various food applications. Strict chemical and 
specifications and a rigid control program assure CONDENSING 
highest quality. COMPANY 
Take a fresh look at the characteristics of Lactose. One of them may Appleton, Wisconsin 
help solve the problem you are working on right now. For free samples World's Largest Producer 
and information, write our Technical Service, Department 24F, (Tell of Lactose-Pure Milk Sugar 
us the applications you are considering.) 


Distributed Nationally by Chemical Department, McKESSON & ROBBINS, INC. 
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SEASONINGS! 


Among spice flavors, Griffith's Solublized Seasonings have the 
rich, full-flavor quality of thé Symphony. The mellow, balanced harmony that 
can win more patronage for y@ur product! 

Griffith—both composer and magher artist—readers a customer's “flavor score” 
with such fidelity, even critics applaud, Blending the woodwinds, 
violins, horns and ‘cellos of the spice ¥@aim@ imto a more harmonious sensation 
of flavor tones so pleasing to your partigular patronage. 

Connoisseurs of flavors, practiced in t@ science of spice blending nearly 


40 years—Griffith artistry will give your pe@@uet a mew high in taste 
appeal. Try Pepperoyal, or a special blend Of Seleblized Seasonings—now. 


The 


GRIFFITM 


LABORATORIES, Inc 


CHICAGO 9, 1415 W. 37th St. * UNBQIND NL JL, 855 Rahway Ave. 
LOS ANGELES 58, 4900 Gifford Ave. 


PEPPEROYAL 


is a registered name 
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ACRONIZE CTC IN FISH 


AND SHELLFISH 


TABLE 5 
Degradation of chlortetracycline in fish resulting from smoking 


Kind of fish Number Initial CTC content 
and type of of fish 
smoking assayed 
Flesh Skin 


Alaska Cod 5 a 0,22 0.69 
Hot 5 2 56 0.51 | 1.90 
5 { 1.60 


Salmon 53 neg neg —0,04 


Cold 2 neg 0.15 


“Hot smoking” practice for Alaska Cod follows a procedure which entails 
During the last half hour a heavy smoke is applied with the heat turned completely off 


at about 140° F. 


“Cold smoking” for salmon in general involves several days of brining, a 


temperature 


fried for different periods. After 74% min of frying 
in fillets containing all levels of antibiotic shown, 
about 70% contained no antibiotic, while the re- 
mainder showed an average of 96% to 100% of the 
antibiotic to be degraded. After 5 min of frying 40% 
of those fillets that originally contained about 1 ppm 
CTC gave negative assays. The remaining fillets lost 
an average of at least 80% of the CTC that was 
present in the raw samples. After 21% min of frying, 
in none of the fillets had all of the antibiotic been 
degraded ; approximately 20% CTC remained. 

Pan-fried flounder fillets (Table 2) lost an average 
of from 88 to 100% of their initial CTC activity. 
Broiled fillets lost an average of 80 to 100% of what 
they had prior to broiling. When CTC levels of about 
3 ppm and above were found in the raw fillets, small 
but definite amounts of antibiotic were subsequently 
assayed in the cooked fillets. Pan frying was slightly 
more effective than broiling for deactivating CTC in 
flounder fillets. 

In the canning of fish, substantial amounts of the 
antibiotic were degraded during the precook stage 
(Table 3). In all cases complete absence of CTC was 
noted after 100% of the prescribed retorting time, 
and even after 25 to 50% of the retorting period in 
those samples tested. In fact, it is likely that CTC 
was completely inactivated within 50% of the full 
retorting time. 

Although heat is not used im the pickling process, 
losses of 100% in antibiotic activity in the flesh of the 
finished product were observed, which were probably 
due to leaching and degradation which occur during 
the pickling process. As seen in Table 4, washing 
alone removed from 60 to 90% of CTC in the skin and 
seales of herring prior to pickling. 

In the smoking experiment, some losses of anti- 
biotic activity were observed during brining, but most 
occurred during the cooking of the ‘‘hot smoked”’ 
product. Since the smoke imparted microbiological 
activity not due to the CTC but to some of the com- 
ponents of the smoke, it was difficult to ascertain the 
precise amount of CTC degraded during the smoking 
step of the process (Table 5). 

With regard to shellfish (Table 6), oysters lost an 
average of about 84% of the initial antibiotic activity 
by being fried and 75% by being stewed. Frying 
deactivated all of the antibiotic in scallops which had 
originally contained 0.10 to 0.23 meg/g. Above this 


Brining 


CTC remaining following: (mcg/z) 
Cooking Smoking 
Flesh Flesh S Flesh 


0.26 neg 0.03 3 0.16 
0.74 3 neg —0.08 25 0.09 
1.15 0.28 y | O17 


neg —0.01 neg —0.07 neg —0.05 


neg —0.04 neg —0.14 neg 


an hour in 65°—salometer brine then cooking in a chamber for 12-14 hr 


45-min wash in running water followed by 6 hr smoking at room 


TABLE 6 


Degradation of chlortetracycline in shellfish—resulting from 
various cooking procedures 


Number 
Kind of of 
shellfish shellfish 


assayed 


\ssaye 
Stewed Boiled 
Oysters 7 0.08 
o.49 
0.42 
0.47 


O37 


Scallops 


Shrimp 


Fried, oysters —5 min at 360° F Scallops i min at 


Stewed—10 min at 185° F, Boiled— min 


level small amounts remained. At all CTC levels 
shown for raw scallops, from 70 to 100% of the anti- 
biotic was inactivated through frying. After shrimp 
were boiled, they retained small amounts of CTC in 
all cases. Raw shrimp that had contained up to about 
1.3 meg CTC/g retained approximately 30% after 
cooking. When higher levels were present in the raw 
shrimp only about 6% of the antibiotic remained 
after they were boiled. On the whole, from 65 to 96% 
of the CTC was inactivated through boiling with more 
remaining percentage-wise in shrimp that had con- 
tained lower antibiotic levels originally. 


SUMMARY AND CONCLUSIONS 


In studies conducted on various methods of de- 
grading chlortetracycline in Acronized fish and some 
shellfish the following observations were made: 

1. Frying of flounder fillets in deep fat for 10 min 
completely degraded the antibiotic contained in the 
fillets at the levels shown. After 5 min of frying, at 
least 40% of those fillets that originally contained 
1 ppm CTC gave negative assays. Pan frying was 
slightly more effective than broiling for deactivating 
CTC in flounder fillets. In either case, small residues 
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of CTC remained in those fillets that had originally 
assayed 3 ppm CTC and more. 

2. Pickling processes reduced activity of the anti- 
biotic from 78 to 100% in the flesh of herring. This 
was probably due to leaching and degradation which 
occur during the pickling process. 

3. In canning experiments with haddock, salmon, 
sardines and tuna, after the prescribed retorting time 
for the canned product no antibiotic remained in any 
of the samples tested. In fact, it is likely that CTC 
was completely inactivated within 50% of the full 
retorting time. 

4. In smoking experiments with Alaska cod and 
salmon, most loss of antibiotic activity oceurred dur- 
ing cooking of the ‘‘hot smoked’’ product. The smoke 
itself imparted microbiological activity, making it 
difficult to ascertain the precise amount of CTC de- 
graded during the process. 

5. Shellfish. At all levels shown the frying of 
oysters reduced the amount of CTC to an average of 
16. of the level in the raw product, while stewing 
reduced it to an average of 25% of the original anti- 
biotie level. Frying removed all of the antibiotie from 
scallops that had contained up to 0.23 meg/g; at 
higher levels positive values began to occur. Lower 
CTC levels in raw shrimp showed a higher per cent 
retention after boiling than did the higher levels, i.e. 
those above 1.3 meg/g. 


It is concluded that for average cooking conditions 


and normal pickling and smoking procedures, prac- 
tically no chlortetracycline is found if the antibiotic 
is employed at the recommended levels. 
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Factors Affecting the Blanching of 


Green Beans’ 


(Manuscript received November 5, 1959) 


NECEssity for inactivating 
peroxidase in green beans to be frozen has been well 
established. Bedford and Joslyn (2) consider factors 
such as maturity, toughness, freshness, and growing 
conditions as influencing the blanching time and tem- 
perature. Complete inactivation of peroxidase must 
be obtained in peas and spinach (1), brussel sprouts 
(7), the cabbage group of vegetables (9), asparagus 
(4), and artichoke hearts (5); however, Bedford and 
Joslyn believe that inactivation need not be complete 
in green beans. 

Joslyn and Marsh (6) cite several authors who 
recommend a range between 1 and 5 minutes in boil- 
ing water or in steam as the necessary period for 
blanching. Processors of green beans have tended to 
establish a blanching process (combination of dura- 
tion of time and temperature) which is minimal, in 
order that effects of overblanching, such as sloughing 
and softening, are prevented. The process, once es- 
tablished, appears to be maintained without further 
regard to such factors as variety, maturity, and other 
conditions which could affect the completeness of 
the blanch. 

During recent years, defects in texture and flavor 
have developed in some lots of green beans in pro- 
longed (6 months or more) frozen storage. These 
are reminiscent of underblanching. Attention is fo- 
cussed in this paper upon several factors which might 
influence the inactivation of the enzyme peroxidase 
by blanching. 


MATERIALS AND METHODS 


Green beans, usually of 4 to 5 sieve size, were snipped 
and cut into lengths of 1 to 1.5 inches. Sixty-gram lots, tied 
in stockinette bags, were submerged in water heated in steam 
kettles in which the temperature was controlled. Variation 
in cuts, or french cutting prior to blanching, appeared to have 
no influence upon the results. 

Residual peroxidase activity was determined quantita 
tively by the method of Masure and Campbell (&), which 
makes use of the oxidation of guaiacol in the presence of 
H.Os. Values were read in the Klett-Summerson colorimeter 
with a filter having a wave length of transmission at 420 
mme. By use of regression equations the endpoint in terms 
of minutes required to inactivate completely the peroxidase of 
the sample was calculated. 

The reliability of the procedure was determined by eom 
parison of 6 determinations made with the same variety of 
bean over a period of several months. The average time of 
complete inactivation at 200° F was 2.66 min, with a range 
from 2.55 to 2.75 min, and a standard deviation of 0.082 min, 


or 4.92 see. 
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Of the varieties studied, the first four are in commercial 
production. Samples were obtained from processors and from 
markets of the area. The remaining 15 varieties were grown 
for experimental purpose by the Department of Horticulture, 
University of Tennessee, under identical conditions of soil, 
elimate, and fertilizer, and they were harvested in two 
groups. Thus several factors, soil, climatie conditions, and 
fertilizer, may be ruled out in this series of experiments as 
having no influence upon the blanching process, and resistance 
of the enzyme to heat inactivation may be aseribed to an 
inherent property of the variety. 

Samples of the commercial varieties were obtained over 
a period of several growing seasons, from widely divergent 
points within a 500-mile radius of the laboratory. Differences 
in blanching time between these varieties with many replicate 
determinations were always alike. 


RESULTS AND DISCUSSION 


Variety of bean. Blanching times of a number of 
varieties of beans at 190° F and at 200° F as de- 
termined experimentally are shown in Table 1. Val- 
ues range from a low of 4.30 min to a high of 5.95 
min at 190° F, and between 2.52 and 3.23 min at 
200° F. 

All varieties listed in Table 1 are of the bush type, 
and conceivably these could become production vari- 
eties for freezing preservation. Satisfactory end- 
points by the experimental procedure employed could 
not be obtained for the half-runner or garden type 
of bean, such as Topmost, Dwarf Princess, and Dwarf 
Ntreamliner varieties. These varieties tended to be 
seedy, tough, and fibrous, and they are unsuited for 
freezing preservation. Bountiful Bunch, Brown 
Bunch (bush) and Kentucky Wonder No. 109 vari- 


TABLE 1 


Time in minutes for the inactivation of peroxidase in beans 
according to varieties 


Time of inactivation of 


Variety peroxidase in minutes 


190° F 200° F 


Tendergreen. 140 
Wade..... 5.40 
Toperop.... 5.80 
“Florida” 1.50 
Seminole. 5.04 
King Green 
Tenderlong 15.. 
Impr. Tendergreen 


2567.. 


5.95 


Contender 
Improved Wade. 
ore 
Tenderbest.. 

B 2456 

Hyscore (b). 
Processor 

Wade Corneli. 
Co 734 


205. 
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eties as grown and harvested in Tennessee also have 
excessive blanching times well in excess of 3 min at 
210° Tressler reports a blanching time of 
2 min in boiling water for the Kentueky Wonder 
variety. Results obtained in this study may be due 
to overmaturity, since the seed pod of this bean tends 
to become overmature quite quickly, or to climatic or 
soils factors, 

Effect of size. Normally, beans are graded by sieve 
size prior to processing. According to accepted ter- 
minology, the 2-8 sieve size is the small size, in which 
the growth of the ovules is scarcely initiated. The 
medium size bean falls into the 4—5 sieve size; in the 
case of Tendergreen variety the average diameter 
and length of the ovules were 0.27 x 0.70 mm, and 
they constituted 3.25% of the total weight of the 
bean. The largest beans fall into sieve size 6 and 
over; these are the largest normally acceptable for 
freezing processing. Ovules were well developed, with 
an average size of 0.31.x 0.82 mm; they constituted 
5.54% of the total weight of the bean of the Tender- 
green variety. 

Composite results of a number of trials are shewn 
in Table 2. Differences in the means of the 2 groups 


= F 


TABLE 2 


Effect of size of bean (1 inch and 1.5 inch cuts) upon inactivation 
of peroxidase by blanching at 200° F 


Difference 
of means 


Mean time 


No. trials 
mo minutes 


Size of bean 


Not significant 


and over Not significant 


are attributable to the use of different varieties in 


arriving at the composite means. As shown in the 
table, no significant difference in blanching time at 
200° F is obtained when that of the small is compared 
with that of the medium size. Mean blanching times 
of the medium and of the largest sizes of the varieties 
used in the comparison were identical. Only varieties 


in production were used in these determinations. 
These results are in contrast with those reported by 
Bedford and Joslyn (2), who recommended a 2 min 
blanch at 185° F for the mature beans, and a blanch 
at 212° F for those less mature. 

Effect of cooling media. Effects of cooling beans in 
tap water, in water containing flaked ice, and in 
ambient air are contrasted in Table 3. In 10 trials, 
quantities of beans were incompletely blanched and 
each was divided into 3 lots for the purpose of 
cooling. 

The temperature of the cooling water, ranging from 
80° Ff downward, appears to make little difference 
in the amount of residual enzyme, for no significant 
difference is noted. When beans are cooled in air, 
however, the amount of residual enzyme is lower, 
presumably due to the fact that inactivating heat is 
retained within the bean for a longer period of time. 

Effect of salts. No effect upon the rate of inaeti- 
vation of peroxidase was noted when beans were 


TABLE 3 


Effect of cooling media upon residual enzymatic activity in 
partially blanched green beans 


Difference 


Residual activity 
i of means 


Cooling medium in Klett units 
Ambient air (77 F)....... 

Tap water (1° F).... 

Water with flake ice.... 


Significant 
Not significant 


blanched in tap water, or in tap water containing 
0.15% NaCl or 0.15% CaCle. 

Contrast of seasons. During 1955 the growing sea- 
son was quite hot and dry, with low relative humid- 
ity; during 1956 the temperature was generally more 
moderate, rainfall was more uniformly distributed 
throughout the season, and the relative humidity 
was higher. 

Blanching experiments with Wade, Tenderlong, 
and Toperop varieties performed during the 1955 and 
1956 seasons were matched. Results are presented 
in Table 4. 

Although with the individual as well as with the 
mean comparisons slight reduction in blanching time 
during 1956 is noted, the degree of reduction statis- 
tically is insignificant. From the data, one may con- 
clude that variation in the climatic factors of an area 
have little influence upon the time of blanch. 

Blanching at high temperature. In evaluating the 
data of times of inactivation obtained at 180° F, 
190° F, and 200° F, it was observed that the data 
could be plotted in accordance with the equation, 


t=t,e*T 


in which t = time, and T = temperature. 


The observation is of interest, in view of the par- 
ticulate nature of the product being blanched. It 
also leads to the assumption that the line could be 
extended, with the result that from values obtained 
at the more accurately controlled lower temperatures 
of blanching one could predict the necessary time of 
inactivation at higher temperatures which are more 
commonly employed in processing. 

The probable validity of the assumption is demon- 
strated in Table 5. The data indicate the times of 
inactivation of peroxidase in green beans at 190° F, 
200° F, and 205° F, as determined experimentally, 
and also at 205° F as determined by calculation based 
upon results obtained at 190° F and at 200° F. 

The maximum variation obtained in 12 trials was 
0.23 min or 13.8 see, and the average variation was 
0.15 min or 9 sec. Statistically, the differences are 
not significant, and it appears that the assumption 
is valid. 


TABLE 4 
Comparison of mean blanching times at several temperatures of 
several varieties of green beans grown during 1955 and 1956 


Temperature of Mean time of blanch during 


blanching 
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umigue Keloo Colloids improve. your food produids 


In Frozen Foods, Kelcoloid, in acid 
to neutral foods having oil-water 
systems, provides emulsion stabil- 
ity. Coarse ice crystal formation is 
retarded. Kelcoloid holds structure 
of food, maintains smooth uniform 
texture, and promotes complete 
flavor release. 


In Gravies, and in Cream, Meat and 
Barbecue Sauces, Kelcoloid pro- 
vides efficient emulsion stability, 
and aids in thickening and body- 
ing, too. Kelcoloid produces prop- 
erly stabilized, free-flowing sauces 
that are homogenous and eye ap- 
pealing, with clean full flavor. 
Shelf life is measurably extended. 


In Salad Dressings, Kelcoloid, 
highly efficient stabilizer, prevents 
body separation and markedly 
increases shelf life. Kelcoloid pro- 
motes a uniform, smooth consist- 
ency giving dressings a highly 
desirable, palatable appearance. 


No Surer Way to Achieve Effective 
Emulsion Stability 


KELCOLOID HVF, the high viscosity 
member of this series, is generally recommended 
for use where a decided increase in viscosity is 
desired along with effective emulsion stability. 


KELCOLOID LVF, the low viscosity 
member of this algin series, produces excellent 
emulsion stability and desirable body qualities. 
The LVF is recommended for use where a high 


degree of emulsion stability is desired with a min- 
imum change in viscosity and body properties. 


YOURS ON REQUEST: Free samples of 
KELCOLOID and other Kelco algin products, 
plus Technical Data describing properties, ad- 
vantages and uses. At your service, too, are highly 
qualified food technicians ready to give individ- 
ual attention to your problems. Write without 
obligation to your nearest Kelco regional office. 


Kelcoloid HVF® Kelcoloid LVF® products of Keleco Company 


75 Terminal Avenue, Clark, N. J. * 20 N. Wacker Drive, Chicago 6, Ill. * 530 W. Sixth Street, Los Angeles 14, Calif. 
Cable Address: KELCOALGIN — CLARKNEWJERSEY 
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it's 4 “chip” off the 


It looks like powder, but it's real Kraft cheese , aged cheese—in dry form. 


Always of Kraft quality, always of uniform flavor without seasonal variations! So you 


can always depend on Kraft dry cheeses to maintain the uniform, good taste that your 
customers demand in your cheese-flavored items. Use Kraft to make all your present 
cheese-flavored foods even better—and to develop new items for extra sales. _ Kraft 
cheeses are so easy to handle, too. In the drying process they become free-flowing—and 
store better as well, without refrigeration problems. Choose from these Kraft products 
... One is just right for you. CHEEZTANG—selected aged natural Cheddar cheeses, in 
white or golden color. CHE-ZING—a pasteurized blend of Cheddar cheese solids and 
milk powder. ROKA CHEESE FLAVOR—a blend of Cheddar ' 

cheese, blue cheese and milk powder. All by Kraft! ~. A 


Ask your Kraft Man, or write Kraft Foods Industrial Products Division, 500 Peshtigo Ct., Chicago 90, Illinois 
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Of the several factors included in this study, it 
would seem that variety of bean is the most influen- 
tial in determining blanching time. Thus, in proc- 
essing plants operating on a fixed time-temperature 
relationship, it is quite probable that beans of some 
varieties would be underblanched, if such processing 


TABLE 5 


Blanching time of green beans at 205° F as determined 
experimentally and by calculation 


Inactivation times determined 


Experimentally by t = toe-'T| Deviation 


190° F 200° F 205 


0.00 
+0.02 
+0,.27 
+0.04 
—0,12 
—0.24 
+0.05 
+0.10 
—0.12 
+0.04 


time and temperature were based upon the more 
easily blanched bean. At 205° F, a difference of 22 
sec exists in the time of inactivation between the most 
easily blanched and the most resistant varieties of 
beans. In corollary experiments out of which this 
study emerged, it was determined that even very 
small residuals of peroxidase, in terms of 10 to 15 
units as measured by the Klett-Summerson colori- 
meter and searcely detectable as a color change to 
the eye by our procedure, will result in the effects of 
underblanching when the beans are in prolonged 
storage. 

The reason for variation among varieties in blanch- 
ing requirements is not clear. Isaac and Winch (3) 
indirectly associate the resistance of peroxidase to 
the amount of lignin in the bean. Although lignin 
content has not been determined for the varieties 
under study, the amount of crude fiber has been 
under 0.15%. Lignin, extracted from corn cobs by 
the method of Waksman and Ilyer (11), does not 
catalyze the oxidation of guaiacol by hydrogen per- 
oxide. This does not nullify the possibility that in 
the native state lignin and peroxidase as a combina- 
tion, or lignin specifically, could be responsible for 
enhanced resistance to heat, or be responsible for a 
positive guaiacol reaction. 

The ability to extrapolate blanching times into the 
range of higher temperatures when determined at 
lower temperatures is of interest and also of imme- 
diate value. It appears that thermal lag because of 
particle size in the range of sizes found in green beans 
is not a factor in blanching. From the practical point 
of view, it enables one to determine by calculation 
the time requirements at the several temperatures 
covering a range at which various plants operate, 
from several precisely determined values of inactiva- 


tion at lower temperatures, for the many experi- 
mental varieties which are grown each year. 


SUMMARY AND CONCLUSIONS 


Small but marked differences in the time of blanch- 
ing of green beans suitable for freezing processing 
have been observed. The differences are associated 
with variety of the bean. 

Climatic conditions such as relatively dry season 
vs one of normal rainfall as prevailed during the two 
years of this study, the temperature of the cooling 
water, salts in the blanching water, and the stage 
of maturity in which the beans are very young or 
are fully ovulated, appear to have little influence 
upon the time of blanching. 

It is suggested that the time of inactivation can 
be extrapolated from accurately determined lower 
temperatures by means of the equation, t = t,e'". 
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Notes and Letters 


A Modern Evaluation of Foods. 


Ou NEWER KNOWLEDGE of nutri- 
tion calls for an up-to-date evaluation of foods in the 
light of that knowledge. Questions are often asked, 
particularly by laymen, as to the relative value of this, 
that, or another food. How do beets and carrots com- 
pare with respect to food value? Are potatoes a bet- 
ter food than corn-on-the-cob? The expected answers 
are those which used to be given on the menu card of 
a well-known restaurant on which the calorie value 
was given for each serving listed. Calories must 
always remain the controlling factor for the amount 
of food we eat. Fewer calories mean a loss in weight. 
More calories mean over-weight. But calorie content 
alone is obviously no answer to questions that involve 
nutritional values. 

Malnutrition. About three decades ago it was dis- 
closed that there existed a great deal of malnutrition 
in the U.S.A. Enough calories were being consumed, 
but many people were not getting the minimum 
amount of the essential critical nutrients that our 
newer knowledge of nutrition had found necessary 
for good health. The extent of this malnutrition was 
such that President Roosevelt called a National Nu- 
trition Conference for Defense, and soon thereafter 
the Federal Division of Nutrition was organized as a 
unit of the Department of Health and Welfare. A 
few years later the Food and Nutrition Board of the 
National Researeh Council developed, as far as data 
were available, and published their Recommended 
Daily Dietary Allowances, indicating for each indi- 
vidual in accordance with variations in age, sex, and 
activity, a standard, daily amount of protein, calcium, 
iron, vitamins A, B, C and G. These allowances first 
appeared in bulletin form in 1948 with revisions in 
1945, 1948 and 1953. The revisions were not extensive. 

Other far-reaching developments, though possibly 
less specifically a result of the concern about malnu- 
trition, were the organization of the Nutrition Foun- 
dation, Ine., New York, in 1941 with Dr. Charles Glen 
King as Scientifie Director; the publication in 1950 
by the U.S. Department of Agriculture of Handbook 
No. 8: Composition of Foods, Raw, Processed, Pre- 
pared, in which is assembled the essential nutrient 
content of foods as analysed in many laboratories ; 
and the publication, also in 1950, by the National 
Canners Association, Washington, D. C. of Canned 
Foods in Human Nutrition. The last mentioned gives 
the results of the most comprehensive analyses that 
any class of foods has ever received. The actual 
analyses were made in nine of our great State Agri- 
cultural Colleges and Universities, each selected be- 
cause of its proficiency in the techniques necessary 
for assaying the various essential nutrients. The 
analyses were on comprehensive samples of all our 


basic canned foods. In this connection it is well to 
realize that the major portion of several of our im- 
portant vegetables and fruits are canned, making 
them available at all times in all places. Work on this 
project, covering a period of nearly 8 years, cost over 
a quarter of a million dollars. 

All these activities have had the very laudable 
effect of practically eliminating malnutrition. More 
recently, however, life insurance companies have un- 
covered the fact that overweight has a rather pro- 
nounced effect in shortening the life-span. Dr. King, 
Scientific Director of the Nutrition Foundation, has 
on more than one occasion pointed to overweight as 
probably the most serious nutritional problem facing 
the United States today. Both the medical profession 
and nutritionists are agreed this can be corrected only 
by a lower calorie intake. While calorie content was 
once used as a measure of food value, today it might 
almost be said that calorie content evaluates a food 
in an inverse order. 

Calories related to nutrients. Such an evaluation, 
indeed, falls far short of what is actually needed, in 
spite of the fact that many are still using calorie con- 
tent in that manner today. Since calorie content is a 
measuring-stick of the amount of food one eats, the 
important consideration is that the calorie intake be 
accompanied by adequate amounts of the critical, 
essential nutrients, the shortage of which was the 
cause of the malnutrition of earlier years. 

The vast amount of data on canned foods has been 
put to use in developing Tables 1 and 2, in which are 
given the amounts of the essential nutrients that 2500 
calories of each food provides. These are the nu- 
trients for which standard amounts are given in the 
1953 revision of the National Research Council’s 
Publication 302, Recommended Daily Dietary Allow- 
ances; 2500 calories closely represents a median 
calorie intake—about what is required for a white 
collar worker who takes some exercise or a moderately 
active woman, a housewife who does most of her own 
work. Table 3 shows similar data developed from 
figures in U. S. Handbook No. 8, for meat, enriched 
bread with 2% non-fat-milk solids, and potatoes 
peeled before being boiled. These foods may be looked 
upon as basic in our dietary habits. Only beef. is 
represented in Table 3 but the picture would not be 
materially changed if all meats were included. 

The figures in the tables largely speak for them- 
selves. Attention may be called to some aspects of 
them that no doubt will be a surprise to many. Proba- 
bly the most striking feature is the fact that the 
calories of vegetables are accompanied by an abun- 
dance of the essential critical nutrients. The fruits 
fall short in protein, calcium and riboflavin. Only 
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NOTES AND LETTERS 


TABLE 1 


Nutrients in 2500 calories of canned vegetables 


Vegetables (Canned) 


2500 calories Protein Calcium Iron Vitamin A Thiamine Riboflavin Niacin Ascorbic acid 
grams yrams mil'igrames milligrains milligrams milligrame milligrams 
Asparagus, white..... 200 1.84 113 6.250 6.1 7.3 1,875 
Asparagus, green......... ‘ : 238 2.14 202 59,500 7.6 11.2 OR 1,820 
Beans, green, cut..... 144 4.57 158 39,450 1.6 4 
Beans, green, lima.... - ren 150 95 a8 4.288 1.2 1.5 20 264 
63 1.09 14) 1,302 0.7 1.8 11 234 
os 63 2.23 62 1,093,925 1.0 1.3 187 
Corn, creamed, white. 60 06 16 45% 74 1.3 29 151 
Corn, creamed, yellow F 56 OR 16 1.584 8) 1 26 151 
Corn, whole kernel, white pacotaiek 70 18 18 1,225 77 1.6 5 1735 
Corn, whole kernel, yellow : ; 62 13 13 41,387 85 1.5 27 148 
Kraut... 119 4.28 R21 950 4.0 1.9 13 2,094 
Mushroom........... 206 65 54 1,812 21.1 177 185 
nee 153 70 19,757 1.5 2.3 408 
Peppers, sweet... 73 65 145 267,456 6.5 56 9,569 
Pimento 87 58 125 221,145 2.4 10,864 
Spinach ‘ 238 24° 652,516 2.3 11.6 1,559 
Sweet potatoes. 34 14 225,027 1. 11 
Tomate 119 71 60 115,03 6.2 1,666 
Turnip greens.. , 197 13.15 604 578,600 2.0 11.8 76 2,564 
Average... 125 2.35 156 121,139 4 7.3 iv 1,828 
Recommended Dietary Aliowances 65 0.8 12 5,000 1.2 1.4 12 72.5 
TABLE 2 
Nutrients in 2500 calories of canned fruits 
por Protein Calcium Iron Vitamin A | Thiamine Riboflavin Niacin Ascorbic acid 
grams grams milligrams milligrams milligrams milligrams milligrams 
Apricots........ 14 23 20 61,769 52 63 10.0 112 
Blackberries 21 54 77 5,459 9 57 6.3 1k4 
Blueberries 61 1,852 78 78 10.0 
Cherries, red sour, pitted 40 55 140 43,333 1 9.5 205 
Grapefruit, sections 2 10 41 4 65 6.8 BOS 
Peaches, cling......... 15 09 13,372 65 18.5 117 
Peaches, freestone 15 12 9 9,690 2 16.0 73 
Pears 10 9 16 Trace ’ 4.5 
Pineapple, slices 10 52 1,302 1.8 4.4 143 
11 22 27 32,256 62 4 9.7 45 
Grapefruit juice. 27 13 21 XRG 1.48 90 v0 1,765 
Orange juice 17 52 26 80 1.04 12.5 1,825 
Pineapple juice , 17 65 13 2,155 2.28 77 7.7 566 
Tomato juice...... 107 33 107 101,150 6.30 3.21 92.8 1713 
Average. 28 42 55 20,174 1.50 15.6 
TABLE 3 
Nutrients in 2500 calories of three basic foods 
Protein Calcium Iron Vitamin A Thiamine Riboflavin Niacin Ascorbic acid 
grams grams miligrams milligrams milligrame milligrams milligrams 
Beef, average of eight cuts................... ai 137 0.08 23 0 0.47 1.5 4 0 
Bread, enriched 2% nfm solids. 74 59 16 0 2.17 1.4 19.9 0 
Potato, peeled and boiled.. ‘ 60 33 21 60 2.7 09 $0 42 


fruits canned in syrup are represented as they con- 
stitute the bulk of canned fruits. The sugar in the 
syrup naturally dilutes the essential nutrients and 
at the same time adds to the calories. It will be 
observed that canned tomatoes are listed among the 
vegetables whereas tomato juice is listed among the 
fruits. Neither of these products has added sugar or 
water, and the tomato, botanically, is a fruit. Proba- 
bly no other food is so outstanding in the abundance 
with which the critical essential nutrients accompany 
its calories. 

As Table 3 brings out there are decided shortages 
of certain essential nutrients in some of our basic 
foods, notably calcium, vitamin A and vitamin C in 
the three foods listed. These essentials are the ones 
so abundantly provided by the vegetables. The num- 
ber of food combinations that will provide a balanced 


diet is myriad. Only one illustration will be given. 
Consider meat, bread and potatoes in equal calorie 
amounts as the main meal of the day, supplying half 
the calorie requirement, 1250. If one caleulates the 
percentage of the recommended daily dietary allow- 
ances of the critical nutrients supplied by such a 
meal, and then the percentages after the addition of 
a serving of tomato juice (182 grams—40 calories) 
and a serving of peas (113 grams—60 calories) and 
subtraction of amounts of meat, bread, and potatoes 
equivalent to 100 calories (the calories supplied by the 
tomato juice and peas it can be seen that even the 
one meal (supplying only half the calorie require- 
ment) comes close to supplying most of the daily re- 
quirement of critical nutrients. Table 4 tells the story. 

An explanation is in order in regard to some of the 
figures in the tables. The averages at the end of 
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TABLE 4 
Effect of substituting 100 calories from tomato juice and peas for 100 calories of meat, bread, and potatoes 


Protein Calcium Iron Vitamin A Thiamine Riboflavin Niacin Ascorbic acid 

grams grams milligrams milligrams milligrams milligrams milligrams 
Meat, bread, potatoes sanonde R2 20 BS 2 74 | 36 79 | 9 
Tomato juice (182 grams) and peas (115 grams) a4 60 105 4: 87 41 80 | 80 


Tables 1 and 2 are in a way misleading since they 
represent equal calorie amounts from each food. This 
is not to be construed as an indication of the propor- 
tion in which they should be consumed. They are 
interesting to compare with the Recommended Daily 
Dietary Allowances given at the end of Table 1. 

It is questionable what meaning should be attached 
to the figures on iron since much of it comes from the 
can. There seems to be no direct information as to the 
relative nutritional value or availability of the natural 
iron and the iron that comes from the can. Indireet 
evidence leads one to suspect there may be no ma- 
terial difference. The proteim values are based on 
nitrogen content and as is well known this is not an 
exact measure of biological value. Only when the 
biological value of different proteins are available can 
there be accurate figures to represent proteins in this 


Preference Data 


I, A RECENT PAPER (4) consumer 
preference data were analyzed statistically using a 
method of chi-square (6) for paired comparisons and 
the are sine transformation method (3) for over-all 
significance. It is the purpose of this note to demon- 
strate an improved, more powerful statistical tool 
(1, 5) which can help researchers get the most infor- 


A Note on the Analysis of Consumer 


connection. The high average figures for calcium 
from vegetables is greatly affected by spinach and 
turnip greens, the former of which has been shown to 
provide no calcium as it is all made unavailable by 
its oxalate content, 

Conclusion. The figures in the tables point to the 
advisability of a generous use of vegetables to assure 
adequate amounts of the critical dietary nutrients. 
They have the added characteristic of supplying bulk 
which tends to create satiety which in turn is helpful 
in minimizing calorie intake that ‘‘our newer knowl- 
edge of nutrition’’ favors. 

Epwarp F. Kouman, Consultant 
385 King’s Highway East 
Merchantville 9, New Jersey 


August 31, 1959. 


The conclusions had been that the sample with 
19.2% sugar (C) was preferred to a significant de- 
gree over the samples with 15.9% and 17.6% sugar 
(A,B). With the new method it is concluded that 
both the sample with 19.2% (C) sugar and the sam- 
ple with 20.8% sugar (D) are preferred to a signifi- 
cant degree over the samples with 15.9% and 17.6% 


x mation from their experimental data. A revised ver- sugar (A,B). 

i sion of (1) is scheduled for early publication (2). 

DISCUSSION 


ari 


The new method is applied to the data in a paper 
which had previously been published in this Journal. 
The experimental methods and materials are ably 
covered in the original reference. It will be sufficient 
to say that 4 samples of strawberry ice cream which 
differed in their sugar levels (A = 15.9%, B= 17.6%, 
C= 19.2%, and D= 20.8%) were tested. Consumer 
preference data were obtained for each of the 6 possi- 
ble paired combinations AB, AC, AD, BC, BD, and 
CD. The resulting data are given in Table 1. (Sam- 
ples were similarly evaluated by a laboratory panel, 
but for simplicity of discussion, only the data for the 
consumer panel are repeated.) 


The authors (4) made separate tests of significance 
for each paired comparison, using the method of chi- 
square. For A vs C, for example chi-square with one 
df is (30-56)7/(30 + 56) = 7.86, which exceeds the 
value 3.84 at the 5% level of significance and 6.63 at 
the 1% level of significance. Having made the indi- 
vidual tests of significance, all of the paired data are 
examined simultaneously in order to arrive at general 
conclusions for the entire test. 

A more recent and improved method of analyzing 
paired preference data was published in this journal 
by Terry, Bradley, and Davis (5). They hypothesize 
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TABLE 1 


Over-all preferences for strawberry ice cream 


Pairs Consumer panel (no. of individuals) 


Prefer B No Preference 
46 18 

AraC Prefer No Preference 
3 56 15 

Ava D fer J Prefer D No Preference 
33 52 10 

Bre Prefer B Prefer ( No Preference 
38 57 9 

Bre D Prefer B Prefer D No Preference 
38 16 

CreD Prefer C Prefer D No Preference 
62 46) 14 


Ave B Prefer A 


treatment ratings, p; for sample i, such that the pair- 
wise preference for sample i to sample j, say, is 
100p;/(p, + pj), in per cent. Although the method 
was developed with the assumption that there were n 
judgments on each of the pairs, this requirement is no 
longer necessary. The present author (1, 2) developed 
the analagous method of analysis for variable num- 
bers of judgments on the pairs. The method was 
applied to the data in Table 1 (excluding NP votes). 
Results of the analysis are given in Tables 2 and 3. 


TABLE 2 


Treatment ratings for samples of strawberry ice cream 


Sample Treatment rating 


3290 

A 1982 
B 1900 


1.0000 


Approximate precisions of the pairwise preferences 
listed in Table 3 are about double the actual number 
of judgments obtained per pair. This arises because 
the analysis takes the indirect as well as direct com- 
parisons into account. For example, there are 108 
direct comparisons of C vs D. Additional information 
on C vs D is obtained by comparing the results for the 
pair C vs A with the results for the pair D vs A and 
by comparing the results for the pair C vs B with the 
results for the pair D vs B. The increase in precision 


TABLE 3 


Pairwise preference based on the treatment ratings and 
approximate precisions of the comparisons 


Per cent preference 
Approximate 


Pairs precision ! 


For first sample | For second sample 
of pair | of pair 


Cre D 55.4 44.6 197 
A 63.1 183 
Ove B 64.1 192 
DvaeA 57.9 42 182 
B 58.9 41 188 
Ave B 51.1 48.‘ 192 


' Equivalent number of judgments 


depends on the numbers of judgments in the indirect 
comparisons. 

A method of testing the agreement between the 
direct and indirect information is also available (1, 2 
Applying the test to the present data yields a chi- 
square value of 2.28 with 3 degrees of freedom. It is 
therefore concluded that the indirect information is 
in good enough agreement with the direct information. 

The standard deviation of a per cent preference is 
estimated by computing 50/\ N, where N is the 
approximate precision. It is found that the prefer- 
ences for C vs A, C vs B, D vs A, and D vs B differ 
from 50% by more than two standard deviations. The 
conclusion is that C and D each are significantly pre- 
ferred to A and B at the 5% level of significance. The 
preferences for C vs D and A vs B are not large 
enough to be statistically significant at the 5% level. 


SUMMARY 


Results of a recently published article on a econ- 
sumer survey, in which strawberry ice cream varying 
in sugar content (15.9%, 17.6%, 19.2%, or 20.8% ) 
was evaluated, were reworked. Using a method 
analagous to the Terry-Bradley-Davis method of 
paired comparisons, it was found that the consumer 
panel preferred both the sample with 19.2% sugar 
and the sample with 20.8% sugar to a statistically 
significant degree over the other two samples. It is 
concluded that the method of analysis discussed in the 
present article is more powerful than the method 
used by the authors of the original article, since they 
did not find that the sample with 20.8% sugar was 
preferred to a significant degree over the samples 
with 15.9% and 17.6% sugar. 
Orro DyKsrra, JR. 
General Foods Research Center 
Tarrytown, N. Y. 

October 22, 1959. 
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Food Technologists—the Supply and the Demand“ 


Tam ARTICLE is a report on the 
activities of the Committee on Education of the Insti- 
tute of Food Technologists, specifically, a report on 
the recent IF'T industry survey. 

In May, 1958, the Institute of Food Technologists 
condueted a three day meeting of a group of industry 
and academic people to determine what type of train- 
ing a student majoring in Food Technology should 
have. The model curriculum that was suggested by 
industry and accepted by the educators as a goal was 
unanimously approved by the Council of the Institute 
of Food Technologists on May 25, 1958. The eurricu- 
lum and its rationale were presented in the September 
1958 issue of Foop TeEcHNOLoeY. 

The principal activity of the Committee on Educa- 
tion since that time has been designing and sending 
out an educational survey to determine just what the 
demand for food technologists is, particularly if they 
have had this type of training. 

Kifteen hundred questionnaires were sent out to 
food companies and research institutions last summer. 
The results of this survey have now been tabulated. 
The IFT received two hundred fifteen replies. This 
might appear to be a rather small return but the Com- 
mittee reviewed the names of the companies from 
whom the replies were received and it is their con- 
servative opinion that we have heard from food com 
panies that employ more than half of the food tech 
nologists in the United States 

The specific answers to the questions raised were as 
follows : 

1. During the past five years, how many college graduates 
(with or without experience) has your company hired having 


degrees in the following disciplines? 


Ph.D Total 


Chemistry and 
Biochemistry 

Chemical Eng 

Microbiology 

Food Technology 
(Ine. Food Science 
and Engineering) 


2. If food technologists, trained as recommended by the 
IFT had been available, what total number of food technolo 
gists would your company have hired during the past five years? 


B.S degrees 
(63% total) * Total 
Number of people.. 
% Increase.......... 


174 752 
61% more 61% more 


* Under Question 1, 63% of total food technologists had Bachelor 
Degrees 
3. In the next five years, how many food technologists with 
the approved IFT training would your company expect to hire? 
Base » ; Edueati Dr 
Based on a report of the Committee on Edueation, Dr 
Robert M. Schaffner, Chairman. 


Dr. Robert M. Schaffner 


Chairman, |.F.T. Committee on 
Education 


B.S degrees 


(63% total) Total 


Number of people ) 

Increase OG 110% more 
\bout the same as in 
More than in the pr 
Less than in the 

opinion, 14% 

Question 4 asked for comments on the curriculum 
and the like. The general consensus was that the 
training on fundamentals as proposed in the approved 
food technology curri:ulum was the proper approach. 
The results of the survey certainly indicate that the 
companies would have used, and will use in the future, 
more food technologists if they have this training. 

Recently, Dr. Milner conducted an informal survey 
of schools giving Food Technology courses to find the 
present number of undergraduate and graduate stu- 
dents. His report indicated that there are only about 
200 undergraduate students for all four years train- 
ing and slightly less than this number doing graduate 
study. Therefore, even if we assume that the 987 food 
technologists called for in the next five years repre- 
sented all of the food technologists needed, the supply 
is less than 50% of the demand. 


¢ 
ade 
‘ 
| 
| 
PHOTOVOL’ 
| 1 Mete MO). 
No Ne % No % No. % 
1164 53| 297 52) 445 71] 1906 5¢ } y l 
611 28] 118 21 68 11] 797 24 
292 105 18 70 11 167 14 X 
2176 100) 57 ( 20 3375 100 
q 2176 620 100 337 ( 
full-fledged line-operated 
| joaera rice 
— 
95 MADISON AVE. YORK 16, N. Y. 
19 


/ 


~“S THE ELECTRICAL ENGINEER 


When product developments involve electronics 
Continental customers get them first 


Electrical engineers at Continental’s Metal Divi- 
sion Research and Development Center use their 
electrical and engineering knowledge to power 
heavy, high-speed can making and closing equip- 
ment, to design delicate electronic control systems, 
and to apply the latest principles of instrumenta- 
tion for automation of operations. 

Another important activity of the electrical 
engineer is research. The practical application of 
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electrical energy for induction heating, electro- 
static spraying of protective coatings, and use of 
ultrasonics for welding are but a few examples. 
He studies metals and alloys, along with the metal- 
lurgist, to extend the application of modern “seam- 
less” methods of metals joining into new fields. 

As a Continental customer you can be sure that 
the best in scientific manpower, facilities and 
equipment are always working in your behalf. 


Eastern Division: 100 East 42nd St., New York 17 
Central Division: 135 So. La Salle St.. Chicago 3 
Pacific Division: Russ Building. San Francisco 4 
Canadian Division: 790 Bay Street, Toronto | 
Cuban Office: Apartado 1709, Havana 
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Literature 


BOOKS 


Tue Porsons Your’ Foon. 
William Longgood. Simon and 
Schuster, New York, 1960. 277 pp. 
$3.95, 


This book is an all-time high in 
‘‘hloodthirsty pen-pushing.’’ It 
deals with the important problem 
of chemical additives but from the 
bias of the nonscientific, natural 
food-organie gardening cult — the 
followers of J. 1. Rodale (publisher 
of Organic Gardening and Farm- 
ing, Encyclopedia of Organic Gar- 
dening, and so forth), of Natural 
Food Associates, Inc. (publishers 
of Natural Food and Farming Di- 
gest), and others of the same con- 
victions. Most of the ‘‘authorities’’ 
named in the book are the cult 
leaders, their gods, or a few true 
scientists whose work or expressions 
have been taken either out of con- 
text or out of time and used in 
such manner that they seem to sup- 
port the doctrine of the believers. 
The quoted voices of authority and 
knowlecge on the ‘‘scientifie facts’’ 
inelude Time, Police Gazette, Pre- 
vention, and the Bonn correspond- 
ent of the Economist. The book is 
an irresponsible bid for wide sales 
through Indeed, 
one of the author’s own definitions 


sensationalism. 


describes well my appraisal of it: 
‘lan effort to] 
and defraud the housewife by mak- 
ing her think she is getting some- 


beguile, deceive 


thing she isn’t.”’ 

The muckraking in this book em- 
ploys all well-known methods of 
the irresponsible purveyors of the 
Expenditures for life 
and hospital insurance, for aspirin, 
and for medical care are cited as 


sensational. 


indicating a damaging effect of 
chemicals in foods! The reader is 
told that ‘‘ ... the nation’s health 
is steadily deteriorating.’’ He also 
learns that ‘‘natural foods... have 
a delicate chemical balance that 
was established by nature for a 
purpose. These naturally oceurring 
chemicals exist in their specific pro- 
portion for a specific purpose f 
If a larger or smaller quantity were 
desirable, the amount established 
by nature through the evolutionary 


process would have been larger or 
smaller.’’ The author repeatedly 
implies that scientists, whose un- 
cited evidenee disagrees with his 
views, have either been bought off 
by industry or by government, or 
that they may be deliberately 
prejudicing their work and reports 
because their university receives 
funds from the Public Health 
Service or from industry, or even 
because the scientist hopes that 
after retirement he may be able to 
get an industrial job! 

The author’s fascination with 
the cult of ‘‘natural’’ versus ‘ 
thetic and artificial’’ is well re- 
vealed in his presentation concern- 
ing meat. The average steak or 


“syn- 


roast, he writes, ‘‘probably eomes 
from a cow born through artificial 
insemination, raised with an arti- 
ficial sex hormone implant in its 
ear, fed synthetic sex hormones .. . 
slaughtered—generally by an in- 
humane method and sold as 
meat.’’ In his association through 
name-calling, he reaches a high in 
stating that ‘‘possible sexual re- 
human beings 
have been commented on by ‘‘ Dr. 
Christian 
hagen, who 


pereussions’’ on 


Hamburger of Copen- 
helped the ex-G.l., 
George Jorgensen of New York be 
come ‘Christine’ and Charles Me 
Leod of New Orleans convert to 
‘Charlotte’.’’ The device of con 
juring up fears of impotence or of 
feminizing influences is an age-old 
one for those wishing to oppose 
science. Among primitive peoples, 
this device is often employed by 
the witch doctor to oppose the in 
troduction of effective scientific 
control or treatment of disease. 

Longgood’s book will no doubt 
be welcomed by those who believe 
with him that the public is the vie- 
tim of a giant conspiracy joined in 
by the Food and Drug Administra- 
tion, the American Medical Associ 
ation, the ‘‘big chemical com 
panies’’ and, apparently, scientists 
in general—a charge so ridiculous 
that it deserves only to be ignored. 
Longgood’s book will readily be 
recognized for what it is by any 
scientist with so little to do that he 
takes time to read it. 

Finally, it is to be hoped that the 
great mass of the American public 
is sufficiently intelligent and logi- 


residue 
analysis... 


Specific lab service leaflets 
and illustrated brochure 
available on request. 


WISCONSIN ALUMNI 
RESEARCH FOUNDATION 


P. O. Box 2217 + Madison 1, Wisconsin 
Alpine 7-4851 


A. 
—— 
ame 
> 
| 
f 
‘ 
) 
AR 
\ 
21 


FOOD TECHNOLOGY, JUNE, 1960 


cal to recognize that writers and 
publishers sometimes fail in their 
responsibility to provide factual 
and objective information on im- 
portant issues of the day despite 
the availability of authoritative, 
considered source material from 
organizations such as the Food and 
Agricultural Organization of the 
United Nations (FAQ), the World 
Health Organization of the United 
Nations (WIHLO), the Food Pro- 
tection Committee of the Food 
and Nutrition Board of the Na- 
tional Academy of Seiences-Na 
tional Research Council (EF PC), the 
Food and Drug Administration, 
the U.S. Department of Agrieul- 
ture, and other responsible bodies. 
Winwiam J. Darby" 
Department of Biochemistry, 
School of Medicine, 
Vanderbilt University 


"William J. Darby is Chairman of the 
Food Protection Committee mentioned 
above. This review appeared originally 
in Serenee and by kind permission of the 
American Association for the Advance 


ment of Seienee is reprinted here. 


ANALIZA ORGANOLEPFPYCZNA 
(Organoleptic Analysis 
of Foods by Dr. D. 4D. Tilgner, 
Politechnika Gdanska. 364 pages. 
1957. Published by Wydawnictwo 
Przemysl uo Lekkiego i Spozywe- 
zego, Warsaw, Poland. 

While many articles and re- 
search papers on this subject have 
been published, books on the or- 
vanoleptie evaluation of foods are 
very few. Tilgner’s book is’ in 
Polish. It is very comprehensive 
and presents both the theoretical 
aspects (Chapters | and Il) and 
the applied or practical aspects 
(Chapters IIL to IX inclusive). 
The mathematical considerations 
are presented simply and are easily 
understood, The importance of 
separating subjective tests from 
quantitative objective tests is fre 
quently stressed. The selection 
and training of judges and of the 
panel as a whole are discussed. 
Definitions and sensorie —termi- 
nology are presented in five lan- 
guages. A bibliography containing 
over 350 references is given. The 
author was once a graduate stu- 
dent in the Department of Food 
Science and Technology of the Uni- 
versity of California and reeently 


spent several mouths visiting food 
processing establishments and uni- 
versities in the U.S. A. Presently 
he is head of the food technology 
department at the University of 
Poznan. 

W. V. Cruess 

University of California 

Berkeley, California 


EQUIPMENT 


Bausch & Lomb announces a new 
Spectronic 5057" Recording Spee- 
trophotometer at a cost of $3685 
and up. Features inelude auto- 
matic wavelength control, external 
dual lamphouse, air-cooled hydro- 
gen lamp, built-in wavelength cali- 
bration, large sample compartment 
and monochromator. The compact 
instrument has been construeted 
on oa “‘building block design’’ 
which simplifies the removal and 
replacement of major components 
and accessories. The new, fully 
automatic, double-beam grating 
spectrophotometer is a high preei- 
sion instrument which makes a 


permanent record of the absorption 
and/or reflectance spectrum of any 
solid, liquid or gas. In addition, 


The lightweight, compactly designed 
Spectronic ‘‘505’’ utilizes a minimum 
of laboratory space. Ease of operation 
is achieved by a small number of con- 
trols, all centrally located. 


it records the emission spectra from 
any light source. The Spectronic 
operates throughout the ul- 
traviolet speetrum from 200-400m, 
and the visible spectrum from 400- 
700 mp. The monochromator, in- 
corporating two B & L Certified 
Precision Diffraction Gratings 
(each with 1200) grooves/mm), 


gives the Spectronie **505’" much 
greater dispersion in the visible 


range than quartz prism instru- 
ments. A brake method eleectron- 


Other outstanding RCA 


Automation 
Equipment 
for the Food Industry 


COMPACT BOTTLE 
UNCASER 


Model H-300 _ 


Low-priced unit uncases wide range of 
bottle sizes at speeds as high as 300 bottles 
per min. No air or hydraulic connections 
needed. Used with any standard filing table. 
New 600 bpm unit will soon be available. 


HIGH-SPEED BOTTLE AND CAN 
UNCASER Model MBU-2 


This high-speed unit handles a wide range 
of can, jar and bottle sizes (packed in single 
tier cases) —at speeds up to 30 cases per 
minute. Nu changeover necessary toswitch 
from cans to bottles of same dimension. 


PALLET LOADER AND PALLET 
UNLOADER 


Straight-stack all standard cases and bot- 
tle sizes without mechanical adjustment, 
at speeds up to 30 cases per min. De- 
signed for 36” x 36”, 36” x 48”, and 
36” x 60” standard pallets. Can be fur- 
nished for other sizes. Available indi- 
vidually, or in combination. 

Get full particulars on any or all of 

these items from RCA, Dept. H-356 

Building 15-1, Camden, N. J. 


Tmk/s) 
RADIO CORPORATION OF AMERICA 
INDUSTRIAL AND AUTOMATION DIVISION 
CAMDEN, N. J. 
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--» GATEWAY TO SAFETY 


FROM TRAMP METAL 


ANOTHER WAY RCA 
SERVES INDUSTRY 
THROUGH 
ELECTRONICS 


can guard your product against tramp 
metal... with an RCA Metal Detector! 


15 to 600 feet per minute. Tramp metal—even as 
small as five hundredths of an inch in diameter—is 
readily detected. 


This new low-cost RCA Electronic Metal Detector 
is designed specifically to meet the requirements of 
the food industry. It is highly sensitive to metallic 
particles, non-magnetic or magnetic, yet is ruggedly 
built. The waterproof aperture of the Metal Detector 
can be hosed down without damaging the circuitry. 
Bi-sectional construction simplifies installation 
around your conveyor line. 


Five standard aperture sizes are available for inspect- 
ing bulk or packaged products at conveyor speeds of 


Get all the facts about the new low-priced RCA Electronic Metal Detector 


RCA, Dept. H-356, Building 15-1, 


Cam de 


An investment of as little as $1000 gives you this safe- 
guard of product purity and reduces the possibility 
of customer complaints and claims. The Metal De- 
tector also protects expensive production machinery. 
By preventing losses and downtime due to tramp 
metal it can pay for itself out of savings. 

Write to 

N. Js and 


well rush details 


RCA ELECTRONIC 


METAL DETECTOR 
Prices start at $1000 


( » 
RADIO CORPORATION 
of AMERICA 


CAMDEN, N. J. 
In Canada: RCA VICTOR Company Limited, Montreal 


Now... for as little as $1000 you 4 
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ically controls speed of the wave- 
length sean. The chart rotates un- 
til a complex spectrum appears, at 
which time the wavelength drive 
instantly slows down, allowing the 
pen to record every detail. Fur- 
ther information is available by 
writing to Bausch & Lomb Optical 
Co., Rochester 2, New York, re- 
questing catalog D-2009. 


The new Bausch & Lomb Spectronic 
**505’’ Recording Spectrophotometer 
will make a permanent record of the 
absorption of any solid, liquid or gas. 
A unique ‘‘building block’’ design sim- 
plifies replacement of both major com- 
ponents and accessories. 


A graduate research fellowship 
in food technology will be offered 
next year at Oregon State College 
by the Campbell Soup Company of 
Camden, N. J. The fellowship will 
vo to an outstanding student who 
will work for his doctor’s degree in 
some phase of food or dairy tech- 
nology. If the fellowship holder 
is married, the grant will be $2600; 
if single, $2200. In addition, the 
college will receive $800 to cover 
the student’s tuition and fees and 
expenses involved in his research 
project. The project is to be on 
fundamental research in food proe- 
essing. Announcement of the new 
fellowship was made by Dr. IL. W. 
Schultz, head of the college’s de- 
partment of food and dairy tech- 
nology, and P. W. Souder, vice 
president, research and develop- 
ment, for the Campbell Company. 
Selection of the recipient will be 
made later this spring by college 
officials, 


EXPANSION NEWS 


Plans to expand the American 
Can Company, Canco Division’s 
Research Center at Barrington, II- 
linois were announced recently by 
Dr. Kenneth W. Brighton, research 
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vice-president of the Caneo Divi- 
sion. Nearly 10,000 square feet 
will be added in this, the first ma- 
jor addition to the Research Lab- 
oratory since original construction 
was completed five years ago. The 
new addition will be used to ae- 
commodate additional prototype 
and experimental equipment used 
in the development of the contain- 
ers of the future. Dr. Brighton said 
the general areas of exploration 
would include new methods and 
processes for manufacturing con- 
tainers of steel and ferrous alloys, 
aluminum, plastic, paper, and com- 
binations of such materials. Ex- 
pansion of physical facilities will 
be accompanied by increases in the 
laboratory's scientific and techni- 
cal staff. 


PRODUCTS 


Development of a true shorten- 
ing, Fluid Flex, in pourable form 
for the baking industry has been 
announeed by Glidden Company’s 
Durkee Famous Foods Division. 
The new Durkee produet, which is 
said to have the same stability as 
any top quality vegetable oil, can 
be used to replace emulsifier short- 
enings in all cakes and yeast raised 
sweet doughs. Fluid Flex, an all 
vegetable product, has a_ specific 
gravity of 0.92, and can be pumped, 
metered, or measured directly into 
the batch. Advantages, according 
to Durkee, are ease of use, creams 
faster, cuts waste, and gives cakes 
finer texture, top volume, and long- 
er freshness. It is delivered in ten 


NEW AND OLD ways of handling 
shortening are demonstrated at the Dur- 
kee Laboratory in Chicago. Using Fluid 
Flex, the man on the left gets fast, ac- 
curate measurement through use of a 
fluid handling system, eliminating the 
factor of inaccuracy inherent in shovel- 
ing of plastic type shortening. 


quart cans, drums, or tank vehicles. 
In use, Fluid Flex replaces emul- 
sifier plastie 
pound for pound basis according 
to Durkee officials. They also indi- 
cate that no change in formulation 
is necessary except that, depend- 
ing upon the nature of the other 
ingredients in the batch, it may 
be necessary — to 
amounts of water or milk used to 
obtain optimum results. Fluid 
Flex can be utilized by any system 
now in use which provides for bulk 
handling of liquid ingredients. For 
further information call or write 
IFT members Claude Lantz or 
Walter Cochran at Durkee Famous 
Foods, 2333 Logan Blyd., Chicago 
47, Illinois. 


shortenings on a 


increase the 


METHODS 


A new means for the determination of trace amounts of food residue by gas chroma- 
tography is discussed by Mr. Theron Johns, of Beckman Instruments, Inc., at a work- 
shop session of the Instrumental Methods for the Analysis of Food Additives Sym- 
posium, held March 24, 25, 26, 1960, at Kellogg Center, East Lansing, Michigan. 
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FLO-SWEET SUCRODEX...the “tailor-made” quality sweetener 


The big news in liquid sugar blends is quality! With Flo-Sweet Sucrodex, you get 
sucrose and dextrose equal in purity to top quality sucrose—water white, low in 


turbidity, practically ash free—and in the exact proportions you prefer. 

SEE HOW VERSATILE 
Commercial availability of high-purity Sucrodex opens up vast new fields for pro- 
gressive food manufacturers as it pushes through a barrier to new quality in foods. SUCRODEX IS! 
Improved taste and texture . . . quality that enhances and retains food flavor over Flo-Sweet Sucrodex is produced in 
a longer shelf life . . . these are just a few of the assets attracting more and more ; anda ania meee 
processors to Sucrodex. the following standard ratios: 80/20, 

85/15, 90/10. Other blends are 

Bottling, ice cream and baking producers can develop new formulations calling for readily available to meet specific re- 
dextrose. In canning, packing, fountain syrups, wineries and many other uses, ' quirements. Your Flo-Sweet Engineer 
Sucrodex provides welcome new quality/cost ratios. will be glad to consult on similar 


Sucrodex is just one of the new Flo-Sweet sugars developed to help you cash in blends of sucrose and corn syrup. 


on the swing to new food products. For full information, consult your Flo-Sweet 
Engineer or write for the brochure “New Ingredients for New and Improved Food j 
Products.” It tells all about four new Flo-Sweet liquid sugars! . 


REFINED SYRUPS & SUGARS, INC. 


YONKERS, NEW YORK 


ee eevee eee eae 


SERVING INDUSTRIAL SUGAR USERS EXCLUSIVELY 


ihn SUGAR 
FROM YONKERS, ALLENTOWN, DETROIT, TOLEDO 
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ABSTRACTS 


General Foods Research Center 
Selected by H. A. Campbell 


ANALYTICAL METHODS 


A new color reaction for methacrylate 
monomer and polymer identification. 


Mano, E. B. Anal. Chem. 82, 291 
(1960). 


Depolymerization in a test tube of a 
methacrylate resin followed by diln. with 
water and treatment with Zn powder 
gave a blue color to the soln. which could 
be extd. with CHCl. Acrylate resins gave 
no such color reaction with Zn, giving a 
simple and rapid test to distinguish be- 
tween the 2 resins. 


Separation and indentification of caffeine, 
antipyrine, and phenacetin from 
human tissue. 


Bonnicusen, R., A. C. 
Norpianper, S. (Government Lab. for 
Forensie Chem., Stockholm, Sweden). J. 
Chromatography 3, 190-2 (1960). 


Separation of caffeine, antipyrine and 
phenacetin from human tissue by paper 
chromatography is described. The 
compds. are eluted from the paper and 
identified by their ultraviolet spectra and 
by infrared micro spectrophotometry. 
Methods for quant. detn. are given. 


BIOLOGICAL SCIENCES 
Biochemistry 


Abnormal human hemoglobins. III. The 
chemical difference between normal 
and sickle cell hemoglobins. 


Ineram, V. M. (Univ. of Cambridge, 
Engl.). Biochim. et Biophys. Acta 36, 
402-11 (1959). 


Tryptie digests of normal human and 
sickle cell hemoglobins contain a peptide 
fragment which apparently alone of all 
the peptides has a different chemical 
structure in the 2 hemoglobins. This pep- 
tide has been degraded and its amino 
acid sequences have been detd. in the 2 
eases. The sole alteration is the replace- 
ment of a glutamic acid residue of nor- 
mal hemoglobin by valine in sickle cell 
hemoglobin. 


An electrophoretic investigation of the 
effect of pH on the degradation of 
a-casein by crystalline rennin. 


Linpquist, B. Srorearps, T. 
(Mjolkeentralen, Stockholm, Sweden). 
Acta Chem, Scand, 13, 1839-50 (1959). 


The enzymatic degradation of electro- 
phoretically homogeneous a-casein by 
eryst. rennin breaks down the casein into 
a few high molecular wt. components. 
These are degraded further in various 
ways depending on the pH of the soln. 
In both the primary and most of the later 
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degradation reactions the parent sub- 
stance is split into 2 components with 
electrophoretic mobilities above and be- 
low, resp., that of the original substance. 
In addn. to the simple fission of a-casein 
and its primary degradation products 
there was also observed a slow loss of low 
molecular wt. substances. These results 
provide a simple explanation of the 
earlier contradictory properties ascribed 
to the different components of a-casein 
and ‘‘ para-a-casein’’. 


A general method for the isolation of 
antibodies. 


Sincer, 8. J., Forneremy, J. E. anp 
SuHarnorr, J. R. J. Am. Chem. Soc. 82, 
565-71 (1960). 


A simple and general method is de- 
scribed for the isolation of pure anti- 
bodies, particularly those directed against 
protein antigens. The essential features 
of the method are the use of a thiolated 
antigen to ppt. the specific antibody, and 
the subsequent removal of the thiolated 
antigen by crosslinking with a bifune- 
tional org. mercurial. 


Maple syrup urine disease: branched- 
chain keto-aciduria. 


Dancis, J., Levitz, M. aNp WESTALL, 
R. G. (Bellevue Medical Center, N. Y.). 
Pediatrics 25, 72-84 (1960). 


A ease of maple syrup urine disease is 
presented. The patient lived for 20 
months, the longest survival so far re- 
ported. There were increased amts. of 
leucine, isoleucine and valine in plasma 
and urine, indicating a block in the meta- 
bolic degradation of these amino acids. 
There was an accumulation in the urine 
of the respective keto acids, but not of 
the aldehydes or of the simple acids. This 
locates the block at a step common to all 
three amino acids, that of oxidative- 
decarboxylation. Animal expts. indicate 
that oxidative decarboxylation of the 
branched-chain amino acids is a meta- 
bolie step which is found generally in 
tissues, including leukocytes but not 
erythrocytes. 


Microbiology 


Comparative incidence of coliform bac- 
teria and enterococci in undisturbed 
soil. 


Meprek, T. F. anp Litskxy, W. (Univ. 
of Massachusetts, Amherst). Appl. Mé- 
crobiol. 8, 60-3 (1960). 


A study has been made to revaluate to 
what extent the coliform group and the 
enterococei are present in soil, which is 
apparently undisturbed soil, using mod- 
ern techniques for their isolation and 
identification. Two hundred and seventy 
samples (73.4%) contained coliform bac- 
teria, as indicated by the presence of gas 
in lactose broth seeded from eosin methyl. 
ene blue agar plates, and/or presence of 
gas in brilliant green bile broth. Five 


samples (1.4%) yielded typical Escheri- 
chia coli colonies on eosin methylene blue 
agar. Enterococci were found in 8 
(2.2%) of the 369 soil samples examd. 


Nutrition 


Evaluation of protein in foods. V. Fac- 
tors influencing the protein efficien- 
cy ratio of foods. 


Morrison, A. B. AnD CAMPBELL, J. A. 
(Dept. of Natl. Health and Welfzre, Ot- 
tawa, Can.). J. Nutrition 70, 112-18 
(1960). 


Female rats tended to give maximal 
PER values at lower dietary protein 
levels than did males. PER values found 
with both sexes dropped, but the decline 
was much greater with the animals fed 
easein than with those fed the plant pro- 
tein mixt. In both sexes, the protein 
level required for maximal PER tended 
to decline. Differences between casein 
and the plant protein mixt. were greatest 
during the early stages of the expt. in 
both sexes. It is concluded that the fac- 
tors studied must be standardized if com- 
parable results are to be obtained in 
different laboratories. 


Use of amine acids as dietary supple- 
ments. 


May, C. D. Pediatrics 25, 189-90 
(1960). 


A brief commentary on the adverse 
effects of amino acids, and the need for 
amino acid supplementation in the 
United States with reference to recent 
reports published by Committee on 
Amino Acids of Food and Nutrition 
Board, Natl. Research Council. The re- 
ports emphasize the dangers of amino 
acid imbalance induced by an excess of 
a single amino acid and suggest that at- 
tention be directed to the nutritive value 
of the total protein and not focused on 
individual components. It is pointed out 
that amino acid supplementation of foods 
may be beneficial in disease states but 
not in cases of nutrition of normal indi- 
viduals in the United States. 


Dietary fatty acid interrelationships. 


Anonymous. Nutrition Revs. 18, 56-8 
(1960). 


The relationship between essential 
fatty acids content of the diet and total 
satd. fat was studied. Conclusions were 
that with an adequate intake of essential 
fatty acid, satd. fat stimulated growth, 
but in essential fatty acid deficient ani- 
mals it did not. Also, increased dietary 
satd. fat stimulated an increased poly- 
unsatd. fatty acid content of the heart. 
This was attributed to (1) a sparing ac- 
tion of satd. fat on the catabolism of 
heart polyunsatd. acids, (2) a mobiliza- 
tion of polyunsatd. acids to the heart, 
and (3) a stimulating effect of high 
levels of dietary satd. fat on polyunsatd. 
fatty acid synthesis. 
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Which of these features do you look for in a 


FOOD OR 
BEVERAGE HOSE? 


Cleani 


TYG Plastic 


é 


Remaining flexible throughout the full range 
of normal operating temperatures, Tygon 
plastic Tubing, Formulation B44-3, is also as 
clear as glass, permitting visual inspection 
and control of flow. 

Non-contaminating and non-toxic, Tygon 
Tubing B44-3 neither imparts nor absorbs 
taste or odors, is safe with even the most 
flavor-sensitive products.* Because of its 
smooth, hard bore, Tygon Tubing is easily 
cleaned, can be sterilized with steam (open 
end method ) or bactericides. 

Tygon Tubing is non-aging, highly resistant 


See’ 


PLASTICS & 


SYNTHETICS U. STONEWARE 


DIVISION 
AKRON 9, OHIO 


to abrasion, and has a flex life 10 to 12 times 
greater than rubber. More than 65 standard 
sizes, up to 4” I.D., are available in continu- 
ous lengths. 


For processed milk and milk products, use Formulation B44-4X. 


See why Tygon Tubing, Formulation B44-3, is almost 
universally the preferred plastic for handling foods 
and beverages. Get complete information — write 
today for your free copy of Bulletin T-100. 


TUBING 


TYGON is a registered Trade Mark of The U. S. Stoneware Co. 
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dietary protein, fat and nificantly less than those of chicks fed 
cholesterol on plasma cholesterol and 
serum protein components of the 
growing chick. 


ol 


Dairy products and dental caries. 


\ & vonyMos, Nutrition Rers., 18, 49-51 
Rut ge Univ., New (1960 
freh. Biochem. Bio 
70 loge Experime nts were earried out in whieh 
dairy products were substituted for a 
feeding of a low protein diet re part of the eariogenie diet in susceptible 
elevated plasma cholesterol rat 35°, ealorie supplementation of 
deereased total serum protein enriogenie diet with various dairy 
itbumin level The decreased produets significantly reduced the inei 
iibumin level is aecompunied by dence of tooth deeay in rats. Similar 
albumin to globulin ratio uiterutions of the maternal diet were 
fed eoconut oil had higher plasma without influence. 
levels thon those receiving 
supplemented with eorn oa The utilization of some B vitamins ad- 


ministered to the rat apart from 
the diet. 


Give yourself this quick 
quiz on ST. JOHN’S BREAD 


St. John’s Bread is the dried, bean-like 
pod of the evergreen Carob tree, 
to the Mediterrar 
known to and t mankind for 
thousands of years. Cyprus alone pro- 
duces as much as 100,000 tons in a 
single harvest. 


Q. Is St. John’s Bread used as a food, 
a medicine or a flavor? 


A. All three. As a medicine, Carob 
flour alleviates diarrhea, retards vom- 
iting in infants, and brings some relief 
in coughing and nasal congestion 
caused by the common cold. It is also 
helpful as a mild laxative and diuretic. 
As a food, St. John’s Bread is high in 
sugar and proteins. Europeans have 
fed it to cattle for years, and today it 
is being used more and more as a sub- 
stitute for colfee, chocolate and cocoa, 
as well as in beverages resembling 
malted milk. As flavoring, it is used 
in manufactured desserts, cakes, cook 
ies, candy, ice cream, dressing, pie fill- 
ings and the like. In syrup form, it is 
used by the tobacco industry as a fla 
voring agent for chewing and pipe to 
hacco 


@. In what forms is St. John’s Bread 
used? 


A. Besides the flour and syrup men- 
tioned above, St. John’s Bread is con- 
sumed and administered medicinally 
in the form of elixirs, tea mixtures, 
pills, whole pods and in powder. 


Q. What are the specifications of St. 
John's Bread? 


A. Natural (unroasted) St. John’s 
Bread contains lignin, hemicellulose, 
pectine, proteins, and a variety of 
sugars (40-50¢°,.) Water content is 
10°%. 1t also has a fractional percent- 
age of isobutyric acid, which has a 


rather unpleasant odor. Roasting gets 
rid of this odor, and darkens the color. 
When macerated in water, roasted St. 
John's Bread powder turns a yellowish 
brown. 


Q. What is the consumption of St. 
John's Bread in the U. S.? 


A. From 1,500 to 2,500 tons annually. 


Q. How is St. John’s Bread commer- 
cially available? 


A. Meer Corporation offers St. John's 
Bread in eight different forms, six 
natural (unroasted) and two roasted 
Whole pods are available in Extra Se- 
lect grade in original 56-lb. cases, and 
in standard grade in 110-lb. burlap 
bags. St. John’s Bread, ground for per- 
colation to mesh 4, is supplied in 200- 
Ib. burlap bags; and powdered to mesh 
60, in 200-lb. fibre drums. Kibbled 
(without seeds), it is available in 150- 
Ib. burlap bags. S. E. St. John’s Bread, 
“Meer FR", a standardized flavor ex- 
tract, comes in 50- and 100-lb. resin- 
lined steel pails. The roasted fornfs in- 
clude mesh 4, ground for percolation, 
in 200-lb. fibre drums. 


For detailed information, including 
botanical origin, action and uses, phar- 
macognosy and chemistry, and dosage 
and administration, write us for a free 
copy of the bulletin, St. John’s Bread. 


Q. What other Botanicals does Meer 
process? 


A. Practically every botanical known 
and used by man. Additional members 
of the Meer product line include gum, 
drug extracts, and other products. 
Whatever your needs, you'll appreciate 
our painstaking quality control and 
our personalized service. 


Data on St. John’s Bread, including assay procedure, is on req 


MEER CORPORATION 


Warehouses at: 
318 W. 46 St., New York 36 * No. Bergen, N. J. « 325 W. Huron Street, Chicago 10, Ill. 


CANADA: P.N. Soden Divisi 


Co., Inc. Toronto 18 Montreal 22 
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Sarerr, H. P. ann Morrison, A. B 
Mead Johnson & Co., Evansville, Ind. 
J. Nutrition 70, 37-41 (1960 


vitemins administered separately 
from the diet once each day appear to be 
as well utilized as those incorporated in 
the diet. 


Toxicology 
Toxicity of air-oxidized soybean oil. 


Anprews, J. S., ef al. (Univ. of Cali 
fornia, Los Angeles). J. Nutrition 7, 
19-210 (1960), 


Growth studies demonstrated that) the 
couen, of the toxie principle corresponded 
closely to the peroxide conen, of the oil 
Moreover, sepn. of the oxidized oil into 
high- medium- and low-peroxide frac 
tions revealed that toxicity again fo 
lowed peroxide conen, Inhibition of in 
testinal xanthine oxidase by air-oxidized 
soybean oil and its reversal by exogenous 
flavin adenine dinueleotide suggest that 
the specific toxicity of the lipid peroxides 
may be at the level of the intestinal 


Ines, 


Presence of a tumor inhibitory principle 
in livers. 


Hersut, P. A. AND Kraemer, W. H 
(Jefferson Med. Coll., Philadelphia, Pa. 
Am. J. Pathol. 36, 105-11 (1960). 

Previous investigations on the effeet 
of animal serums on Gardner lymphosat 
coma 6C3;HED showed inconsistent inhi 
bition of activity with serums of different 
animals and also indieated that tumor in 
hibitory principle (TIP) was present in 
the fluid and not in the cellular portion 
of the blood. In the present study, 
prepns. made from livers of several 
species of animals were injeeted in CsH 
mice, in order to det. whether the organs 
might also contain TIP and serve as a 
source of this material in their serum. 
Regression was complete with guinea pig 
liver ext., marked but incomplete with 
exts. of sheep, hog and rabbit livers, and 
inconsistent with horse and bovine exts. 
Human liver exts. produced no retarda 
tion. Factors causing these differences 
are now under investigation. 


A comparison of three anticonvulsant 
testing methods. 


MITCHELL, C. L. AND Kerasuine, H. H. 
(State Univ. of Iowa, Iowa City). J. 
Pharm. Exptl. Therap. 128, 70-84 
(1960), 


The present report details the com 
parative activity of several urazole de 
rivs. with diphenylhydantoin, phenobar 
bital, phensuximide and trimethadione, 
utilizing standard anticonvulsant testing 
procedures in the mouse. The max. elec 
troshock seizure test (MES), the max. 
metrazol seizure test (MMS) and the 
metrazol seizure threshold test (MET 
were compared. Experiments involving a 
modifieation of the MES test by varying 
the current intensity reveal that the MMS 
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“If you are using an antioxidant... 


or if you are purchasing ingredients 


stabilized with an antioxidant... 


the chances are it’s a Tenox antioxidant.” 


“Why should this be so? 

“Well, first and foremost is the 
product itself. Eastman n vanufactures 
every principal food-grade antioxi- 
dant being used today—butylated 
hydroxyanisole (BHA), butylated 
hydroxytoluene (BHT) and propy! 
gallate (PG). Singly or in combina- 
tion, in solution, in flakes or pellets, 
whatever your antioxidant require- 
ment, there is a Tenox antioxidant 
formulated to meet that requirement. 

“And there are other reasons, more 
intangible perhaps, but equally valid. 

“Consider Eastman’s antioxidant 
research and development program, 
for instance. Since introducing 
butylated hydroxyanisole as Tenox 
BHA in 1948 we have synthesized 
many other promising compounds, 
screened them for toxicity and eval- 
uated their effectiveness. Based on 


this experience our people have ac- 
cumulated an invaluable background 
of information about oxidation in 
food products, the role of antioxi- 
dants and the theoretical chemistry 
involved. 

“Asa result of this work the food 
industry can today choose from a 
variety of antioxidants and formula- 
tions to meet a broad range of prob- 
lems. And the future promises anti- 
oxidants which will be even more 
effective. 

“Then there are studies of applica- 
tion requirements and techniques. 
Just as synthesis and evaluation of 
new antioxidants are vital to prog- 
ress, sO are application procedures, 
methods of analysis and assistance in 
enabling food processors to use anti- 
oxidants most effectively. 

“Our food laboratories here in 


Kingsport, Tennessee have main- 
tained a continuing program to de- 
velop this kind of information with 
which to help food processors when- 
ever and wherever needed. Also, by 
keeping abreast of government regu- 
lations and by maintaining contact 
with the various agencies involved, 
we are often able to assist processors 
in determining what antioxidants 
may be used, how much, labelling 
requirements, etc. 

“Important, too, is a continuing 
program for production improve- 
ment. The production of food addi- 
tives requires extremely close con- 
trol of quality during manufacture. 
Experiences gained in synthesizing 
new antioxidants, dev clopment of 
more exact methods of analysis and 
a thorough knowledge of industry 
needs—all contribute toward achiev- 
ing the highest purity possible and in 
those forms best suited to meet the 
requirements of food processors. 

“One measure of our efforts in this 
regard is the declaration of contents 
on every Tenox label. 

“When you buy or specify a Tenox 
antioxidant then, you are assured of 
the finest antioxidant today, the 
prospect of an even better one to- 
morrow and the aid and assistance of 
a company who is vitally interested 
in the food industry and is proving 
it. We believe that it is for these 
reasons that a major portion of the 
food industry depends on ‘Tenox to 
protect its products against oxida- 


tion.’ 


Eastman food-grade antioxidants 


SALES OFFICES: Eastman Chemical Products, 
inc., Kingsport, Tennessee; Atlanta; Chicago; Cin- 
cinnati; Cleveland; Detroit; Framingham, Masse- 
chusetts; Greensboro, North Carolina; Houston; 
New York City; Philadelphia; St. Lovis. West 
Coast: Wilson & Geo. Meyer & Company, San 
Francisco; Denver; Los Angeles; Phoenix; Portland; 
Solt Lake City; Seattle. Cameda: Seden Chemi- 
cals, Montreal, P. Q.; Toronto, Ontario. 
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Can $ARJET Help YOU? 


Here is an atomizing spray 
head, entirely new in design. It is 
simple, compact, precision engi- 
neered, inexpensive. It can be en- 
gineered to use one, two or more 
fluents in combination with one 
medium which is under pressure 
— steam, compressed air, other. It 
delivers a fog-like mist with no 
fall-out of moisture whatever. This 
fog is easily blown and guided 
through various machines, wher- 
ever a product requires a steady 
degree of humidity in processing. 


There are no moving parts in 
a SarJet. Its turn-down range is 
unusually wide, without any sacri- 
fice of atomizing efficiency. It is as 
nearly foolproof as anything can 
be, needs cleaning infrequently 
and, when being cleaned, is dis- 
assembled in less than a minute. 


SARGENT’S SONS CORPORATION 


Originally designed by SARGENT 
for “ordering” tobacco (the deli- 
cately exact process of restoring 
moisture to dried tobacco for 
further processing), the basic 
SarJet uses compressed air or 
steam, with water. It delivers a 
flat, horizontal fan of fog-like mist 
from two to six feet wide and three 
to ten feet in length. It can be 
engineered to deliver any spray- 
pattern desired. Its uses are ap- 
parently limitless. We do know 
that wherever there's need for 
moisture regain in a product, not 
on it; wherever a high degree of 
humidity is used; wherever there 
is need for a fog composed of two 
or more fluents intimately mixed, 
SarJet will serve dependably, eco- 
nomically. 


Can SarJet help YOU? 


PHILADELPHIA + CINCINNATI * CHARLOTTE * ATLANTA * HOUSTON * DETROIT 
NEW YORK + CHICAGO + LOS ANGELES * TORONTO 
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test is qual. different from the MES test 
and differences in mechanism of action 
of the anticonvulsants. This difference 
was also emphasized by expts. in which 
mice sepd. into groups sensitive or re 
sistant to a particular stimulus were 
tested with the other stimulus. 


FOOD AND FOOD TECHNOLOGY 
Baking and Bakery Products 


Soy flour as a white bread ingredient. 
I. Preparation of raw and heat- 
treated soy flours, and their effects 
on dough and bread. 


J. M. Geppes, W. F. 
(Proeter and Gamble Co., Cineinnati, 
Ohio). Cereal Chem. 19-29 (1960) 


Ol, 


An exptl. soy flour, obtained by ham 
mer-milling decorticated soybeans and 
defatting with cool petr. ether, proved 
similar in nitrogen dispersibility and 
other analytical characteristics to a 
comm, defatted flour prepd. under mild 
conditions. In baking tests employing | 
mg. potassium bromate/100 g. of flour, 
1% raw soy flour somewhat improved 
the bread, but higher levels decreased 
loaf vol.; heated soy flours were. still 
more injurious, in proportion to their de 
gree of heat-treatment, Heat-treatment 
raised the water absorption of the soy 
flours in doughs. 


Some volatile aromatic compounds in 
fresh bread. 


WIseBLaTr, L. AND Kony, F. E. 
(Quartermaster Food and Container 
Inst., Chieago, Ill.). Cereal Chem. 37, 
55-66 (1960). 


Volatile compds. in freshly baked 
bread were recovered with min. decompn. 
by vacuum pumping from a_ steam 
jacketed vessel contg. the coarsely shred 
ded bread. The earbonyl compds. were 
converted to 2,4-dinitrophenyl-hydrazones 
(DNPH’s). The DNPH’s were sepd. by 
repeated adsorption chromatography on 
activated silica gel columns and, to a 
lesser degree, by paper chromatography. 
The aldehydes identified in this way are 
acetaldehyde, crotonaldehyde, 2-ethy! 
hexanal, and furfural; the ketones are 
acetone, hexanone-2, heptanone-3; diear 
bonyl compds. are diacetyl! and methy! 
glyoxal; pyruvie and levulinie acids are 
also present, possibly in the form of their 
ethyl esters. Quant. estn. have been made 
of some of the volatile compds., and the 
data used in attempts to impart a typical 
breadlike flavor to a very bland, chem. 
leavened product. These attempts were 
unsuccessful, whether the treatment was 
applied to the dough ingredients or (by 
aeration) to slices of freshly baked 
produet. 


Cereals and Grains 


The relative effects of enzymatic and 
physical changes during storage on 
the culinary properties of rice. 


DEsIK ACHAR, H. S. AND St BRAHMAN- 
YAN, V. (Central Food Technol. Research 
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lust., Mysore, India). Cereal Chem. 37, 
1-8 (1960). 


The biological and physical changes in 
stored rice were studied to explain the 
factors responsible for improved cooking 
quality of old rice. The effeet of amy 
lases during cooking and the soly. of rice 
in perchloric acid were also detd. Evi 
dence was presented to support the 
theory that amylases do not play a sig 
nificant role in detg. the cooking quality 
of the rice. Changes in the soly. and 
settling characteristics of rice observed 
lend further support to the physical 
theory proposed by Rao which states that 
the colloidal condition of the rice changes 
from the sol to the gel state during 
storage. 


Fats and Oils 


The structural analysis of natural gly- 
cerides. 


DESNUELLE, P. anp Savary, P. Fette, 
Seifen, Anstrichmittel 61, 871-6 (1959). 


The structure analysis of mixed natu 
ral glyeerides leads to the following eon 
clusions: the structure of vegetable and 
animal mixed glycerides is not random; 
the position of fatty acid esters in the 
glyeerides appears to be dependent on 
the chain length of satd. acids as well as 
the degree of unsatn. in the unsatd. fatty 
acids. In ease of vegetable oils the satd. 


acids occur mainly at the 1 and 3 posi 


tion and the unsatd. acids at the 2 posi 
tion in the glyceride molecules, 


Gelatin and Gums 


Lysis by human oval bacteria of collagen 
altered by ethylene oxide. 


MERGENHAGEN, 8S. E., Scorr, D. B. AND 
Scuerp, H. W. (Natl. Inst. of Dental 
Research, Bethesda, Md.). Proe. Soe. 
Kaxptl. Biol. Med, 103, 227-9 (1960). 


Treatment with ethylene oxide’ ren 
dered reconstituted acid-sol. collagen 
readily digestible by combined pure eul 
tures of human oral strains of fusiform 
baeilli, diphtheroid bacilli, streptococci, 
and veillonellae, The fact that only a 
few of these strains individually at 
tacked such altered collagen to a slight 
extent indicates digestion by synergistic 
and symbiotie reactions between members 
of the oral microbiota. Coneomitantly 
with increased digestibility from treat 
ment with ethylene oxide, reconstituted 
collagen exhibited marked morphological 
changes as revealed by eleetron micros 


copy. 


A quantitative test for carrageenin ester 
sulfate in milk products. 


HANSEN, P. M. Wuirtney, R. L. 
(Univ. of Illinois, Urbana). J. Dairy 
Sci. 43, 175-86 (1960). 


A method was developed to det. gravi 
metrically the conen. of earrageenin in 
some milk products by the sulfate con 
tent of a dialyzed milk-carrageenin sys- 


tem after hydrolysis with hydrochloric 
acid and decolorization with activated 
earbon. The effeets of the variables in 
volved were studied. The method was 
employed to determine the ester-sulfate 
content of the carrageenin anions of vari 
ous salts of «x- and )-earrageenin. The 
results obtained for the \-carrageenin 
were in agreement with those predicted 
from the commonly aceepted structure of 
this fraction, whereas the value for the 
«-fraction suggested a slight alteration 
in its reported strueture. 


Alkaline degradation of alginates. 


WHISTLER, R. L. AND BEMILLER. J. 
(Purdue Univ., Lafayette, Ind.). J. Am. 
Chem, Soe, 82, 457-§ 1960), 

Alginates are readily degraded 
alkaline solns, at 80-120° with the for 
mation of new 6-carbon, dicarboxylic sac 
charinates, 3-deoxy-2-C-hydroxy methyl 
pentarates, 


Milk and Milk Products 


Electronic sniffing a new method 


of quality control. 


MERLIN, D. Milk Products J. 51, 8-9 
(Feb. 1960). 


A discussion is presented of the poten 
tial uses of gas chromatography as a pre 
cise tool for the control of flavor and 
aroma in the cheese industry, by discover 
ing what flavor components were pro 
ilueed by specific types of starter eul 
tures and by studying those volatiles 
which contribute to flavor of dairy prod 
ucts. It would be possible to compare 
chromatographic studies of cheeses which 
meet the highest standards to those of 
other cheeses. Chromatograms of milk, 
Swiss cheese and blue cheese are shown. 


Potatoes 


Plant polyphenols. I. Anthocyanin pro- 
duction in the cultivated potato. 


HARBORNE, J. B. (John Innes Horti 
cultural Inst., Eng.). Biochem. J. 74, 
262-9 (1960). 


Six anthocyanidins have been found in 
the cultivated potato. They occur either 
as the 5-glucoside 3-rhamnosylglucoside 
acylated with p-coumariec acid, or as the 
3-rhamnosylglucoside, The occurrence of 
these pigments variously in flowers and 


tubers of 6 color genotypes is deseribed. 


A nondestructive technique for detecting 
internal discolorations in potatoes. 


Birtu, G. S. Am. Potato J. 37, 53-60 
(1960). 


A technique of nondestructively de 
tecting internal discoloration in potatoes 
by light transmittance has been de 
Preliminary investigations with 
hollow heart indicated that the discolored 
tissue exhibited a selective absorption of 


(methy! and propyl! esters 


of p-hydroxybenzoic acid) 


Accepted as safe— 
under Food Additives Amendment 


Effective in acid, neutral and alkaline 
pH ranges 


More active against molds, yeast and 
bacteria 


In addition to inhibitory action—can 
be bactericidal and fungicidal 


Soluble in aqueous and organic media 


Calcium or sodium salts available 
experimentally for increased water 
solubility 


Completely stable in A t 


Chemocides MK 
and PK, and their 
sodium and calci- 
um salts, are im- 
mediately avail- 
able. For addi- 
tional data and 


CHEMO samples write our 


Technical Service 


PURO Department. 


Subsidiary of... \ ; ( 


CENTURY 

CHEMICAL 
CORPORATION 

60 E. 42nd St., New York 17, N.Y. 
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A measurement of the 
optien! density difference between wave 


energy at 710 my 


lengths at 800 ma and 710 my is used as 
the indieation of discoloration. In a test 
with Katahdin potatoes 81% of all dis 
colored tubers were ineluding 
potatoes with deeay, greening, blackspot 
and hollow heart 


Microscopic structure of potato chips. 


Reeve, R. M. Neet, E. M. Am. 
Potato Jd. 37, 45-52 C1960 


Microscopie examn., of potato chips 
and Freneh fries has provided conelusive 
demonstration that the cellular strueture 
remains intaet and that the cell walls 
rarely, if ever, rupture during the deep 
fat frying process, Blistering of chips is 
a result of simple cell sepn. due to ex 
pansion of steam trapped within the 
slices when the surface becomes dehy 
drated and sealed Deep fat frying is 
essentially a eooking and dehydration 
process during whieh the starch content 
of the eells is gelled and dehydrated and 
some of the water in the tissue is re 


placed with oil 


Starch 


Utilization and toxicity of dialdehyde- 
and dicarboxyl-starches. 


Winson, (Western Regional Re 
seurch Lab., Albany, Calif.). Proe. Soe. 
kaptl Biol, Med, 102, 735-7 (1959). 


When 406 or more of anhydroglucose 
units of stareh are oxidized to dialde 
hydes the material is toxie to rats, as 
manifested by poor growth, increased 


mortality and testicular damage. No 


ueute toxicity was noted. No toxicity oe 
curred when 20) or less of the units were 
oxidized, even at levels of 200) of diet. 
Starch further oxidized to contain 5% of 
glucose units in the diearboxyl form, 
produced no toxie symptoms with as 
much as 200, of diet consisting of this 
modified starch, but food intake was in 
creased and utilization cdeereased, per 
haps due to faulty digestion of the di 


eurboxyl starch 


The detection of oxidized starches. 


FRASER, R. anp Houmes, TD. 
tnalyst 150-1 (1960 


In the Sehoeh and Maywald method, 
the inereased dye-absorbing power of an 
oxidized starch is compared with that of 
un unmodified one. This method has 
been placed on a quant. basis by the 
utilization of a series of standard solns. 
The new method facilitates the detn. of 
degree of dye absorption. 


Interaction of starch with sucrose stear- 
ates and other antistaling agents. 


Bourne, E. J., Trrrtn, A. 
Weice., H. J. Sei. Food Agr. 11, 101-9 
(1960), 
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The reaction of sucrose monostearate 
(SMS) with starches and stareh frae- 
tions is similar to that of various sub 
stances with ‘antistaling’ aetivity with 
starch. SMS forms an insol. complex 
with starches and competitively inhibits 
the reaction of iodine with 
Wheat starch granules adsorb SMS and 
it is suggested that the formation of an 


amylose. 


insol. complex on the surface of the 
granules may play a part in the ‘anti 
staling’ activity of SMS. 


Physicochemical studies on starches. XXI. 
Observation on Z-enzyme. 


Banks, W., GREENWOOD, C. T. AND 
Jones, 1. G. J. Chem. Soe. 150-5 (1960). 


The auction pattern of the Z-enzyme 
assoed, with prepns. of S-amylase has 
been critically studied by viscosity and 
light seattering. Solns. of the enzyme 
were obtained by selective inhibition of 
the Samylase with mercuric chloride. 
The enzyme degraded, in a manner con 
sistent with a random hydrolytic action. 
Limited hydrolysis of amylopectin 
limit dextrin occurred while there was 
no uaetion on the dextrin of 


glveogen, 


ORGANIC CHEMISTRY 


a-Oximino ketones. A new synthesis of 
a-amino acids. 


Ferris, A. (Westvaeco Chlor-Alkali 
Div., Prineeton, N. J.). J. Org. Chem. 


1726-30 (1959). 


A new sequence for a-amino acid syn 
Nitrosation of the 
sturting compd., a ketone, followed by 
alkylation of the resulting a-oximino ke 
tone and cleavage of the latter with hypo 


thesis is proposed, 


chlorite provides for reduction of the 
cleavage product to the corresponding 
a-amino acid, Advantages over the classi 
ent Erlenmeyer synthesis of amino aeids 


are cited, 


The chemistry of carbon-oxygen surface 
compounds. 


R. N. Quart. Revs. 13, 287-307 
(1959), 


A review of the intrinsic properties of 
the carbon-oxygen complex which are 
present to some degree on the surface of 
every carbon used in the laboratory. 
These complexes often det. the adsorp- 
tion, cutalytie and electrical properties 
of earbon and act as intermediates in 
important reactions, 


Dr. Lloyd A. Hall, retired Tech- 
nical Direetor and now Consultant 
for the Griffith Laboratories, Inc., 
who lives in Pasadena, California, 
has been appointed by Mayor Nor- 


ris Poulson of Los Angeles to his 
Advisory Committee on Human 
Relations. 


Appointment of Dr. C. Olin Ball 
as chairman of the Department of 
Food Science at the Agricultural 
Experiment Station, Rutgers Uni- 
versity, has been 
confirmed by the 
Station’s Board 
of Managers. 
Dr. Ball, mem- 
ber of the staff 
since 1949, had 
been acting head 
since the resig- 
nation of Dr. 
Roy Morse late 
last year. Dr. 
Morse went with the Lipton Tea 
Company. The new department 
head is a graduate of George Wash- 
ington University which also 
awarded him its master of science 
degree for advaneed studies in 
chemistry and applied mathemat- 
ies, and its doetor of philosophy 
degree for further studies in math- 
ematics and electrical engineering. 
Dr. Ball’s career in the food indus- 
try has included employment with 
the National Canners Association, 
American Can Company, Owens 
Ilinois Can Company, and Owens 
Illinois Glass Company. Immedi- 
ately before joining the Rutgers 
faculty Dr. Ball was a consultant 
in food technology in Maumee, 
Ohio. He is editor emeritus of 
Food Technology. 


C. Olin Ball 


Bruce E. El- 
lickson of Mun- 
delein, Illinois 
has been pro- 
moted to Asso- 
ciate Manager 
in the Funda- 
mental Labora- 
tory of the Na- 
tional Dairy re- 
search center in 
Glenview, Illi- 
nois. Dr. Ellickson joined the com- 
pany in 1948 as a chemist, and has 
recently been working as a Sr. Re- 
search Bacteriologist. He is a grad- 
uate of the University of Illinois 
where he majored in Dairy Bae- 
teriology, receiving his Doctorate 
in 1949. Mr. and Mrs. Ellickson 


B. E. Ellickson 
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and 
Brian and Jane have lived in Mun- 
delein for the past three years. 


Former Student Member Basil 
G. Tarladgis, is now a Member of 
the Institute, having recently re- 
ceived his Ph.D. at Florida State 
University. Dr. Tarladgis is em- 
ployed at the Central Food Re- 
search Laboratories of Libby, Me- 
Neill & Libby, Blue Island, Illinois. 


Meat 


Chicago, is expanding its research 


Industry Suppliers, Ine., 


on curing agents, seasonings, bind- 
ers, and preservatives, and has ap- 
pointed Dr. Morton M. Rayman 
to fill the 
of Director of 


post 


Research. In 
making the an- 
nouncement, Mr. 
Sol Morton, 
president of 
Meat Industry 
Suppliers, Inc., 
that re- 


search on the 
M. M. Rayman 


stated 


ompany’s 
products has taken on new impor- 
with the trend toward in 
creased consumer interest in flavor 


tance 


and produet stability and uniform- 
ity. Dr. Rayman brings to the re 
search directorship a many-sided 
training (food technology, biochem- 
istry, 


bacteriology) as well as 


experience in Government 


research (Quartermaster Food and 


bre vad 


Container Institute, Chicago), uni- 
versity teaching (lowa State 
) and in industry (Publiker, 
Philadelphia). A graduate of Iowa 
State, Ph.D. 
at that institution, his major sub- 


versity 


he also received his 


ject being biophysical chemistry. 
He has published widely in the field 
of food research and has had many 
years of experience in directing 
research, projects relating to the 
stability of flavor, process sanita- 
tion, and new food products ad- 
apted to military feeding. Meat 
Industry Suppliers, Ine., has 
planned a balanced program of re- 
that will take proper aec- 
count of basie studies and their im- 
plications for product improvement 
and development. 


search 


their children, Gloria, John, 
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4 LABORATORY SERVICES 
for the 
FOOD and DRUG INDUSTRIES 
Drug Evaluation, Food Additive Studies 
Chemical and Biological Assays, 
Clinical Studies, Research 


FOOD TECHNOLOGISTS 


An active, confidential service: Interview 
at your convenience. Call, write or wire: 
Gladys Hunting (Consultant) 
Drake Personnel, Inc. 

The Heyworth Building 
Sixth .Floor 
29 E. Madison St., Chicago 2, II. 


WANTED: Graduate Food Technolo- 
gist or Engineer who is interested in 
a challenging and rewarding career 
on our Editorial Staff. REPLY: 
Howard P. Milleville, Editor, Food 
Processing, 111 E. Delaware Place, 
Chicago 11, IIL. 


AVAILABLE: FOOD TECHNOLO- 
GIST, Ph.D. 5 years of industrial 
research and development experience 
in new product formulation, food 
chemistry, dehydration and canning 
of meat and vegetable products. 
REPLY BOX 790, Institute of Food 
Technologists, 176 W. Adams St., 
Chicago 3, IIl. 


WANTED: FOOD TECHNOLO- 
GIST—Challenging opportunity in 
Product Development for leading na- 
tional food processor with headquar- 
ters in Chicago. In reply give com- 


plete personal data, experience and 
education. BOX 786, Institute of 
Food Technologists, 176 W. Adams 


St., Chicago 3, Il. 


CANDY TECHNOLOGIST 

Excellent opportunity in the Tech- 
nical Sales Service Department of a 
leading manufacturer of starch and 
syrup. Position involves in-plant con- 
sulting and technical service to con- 
fectioners. Also close contact with 
Food Service Research Group. 

B.S. in Chemistry or Food Tech- 
nology. Five to ten years experience 
in candy production or technical sales 
or service work to candy industry. 

Salary commensurate with experi- 
ence. Expenses, company car and 
liberal employee benefits. Growth and 
development opportunities with re- 
search minded company. 

Send resumes to G. M. Prust. 

A. E. STALEY MANUFACTURING 


COMPANY 
Decatur, Illinois 


| 4101 N. Figueroa 


La Watt & HARRISSON 
fv 1921 Walnut St. Phia 3 Pa 10 3.4322 
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FOOD TECHNOLOGISTS 


Food Technologists with industrial or 
academic experience in food product 
research, development or quality con- 
trol for responsible assignments in 


new research center. 


Graduate degree preferred, but will 


consider applicants with B.S. 


Salaries from $5,200 to $10,000. Out- 


standing benefit programs. 


Send résumé. 


NATIONAL DAIRY PRODUCTS 
CORPORATION 
801 Waukegan Road 


Glenview, Illinois 


FOOD TECHNOLOGIST—To take 
charge of new pilot and product de- 
velopment section for major equip- 
ment manufacturer located in Wis- 
consin. Should have backgorund in 
food and dairy processing and be able 
to set up test programs, analyze data 
and handle some qualitative laboratory 
tests. REPLY BOX 787, Institute of 
Food Technologists, 176 W. Adams 
St., Chicago 3, III. 


PROFESSIONAL SERVICES 

Since 1869 Schwarz Laboratories has been 
a leading laboratory and technical service 
to the food and beverage industries. 

We offer thorough, expert advice on food 
problems of all types, analyses, flavor 
evaluations, product development, and ie- 
gal testimony. Costs are low due to our 
experience and efficient operation and 
equipment. May we send yeu our brochure? 


SCHWARZ LABORATORIES, INC. 
230 Washington St., Mount Vernon, N.Y. 
Phone- MO 4-1100 Cable: Swoknip 


WANTED: RESEARCH-DEVELOP- 
MENT MANAGER. National food 
firm has opportunity for M.S. or Ph.D. 
in Food Technology or related disci- 
plines. To provide technical direction 
for research program for dehydrated 
vegetable products. Food industry ex- 
perience desirable. Salary $10,000 to 
$14,000. Upper Midwest location. 
REPLY BOX 775, Institute of Food 
Technologists, 176 W. Adams St., 
Chicago 3, Ill. 


LABORATORY SERVICES 
for the FOOD, FEED, DRUG and 
CHEMICAL INDUSTRIES 
Analyses, Biological Evaluation, 
Toxicity Studies, Insecticide Testing 

and Screening, Flavor Evaluation. 


Project Research and Consultation 


Write for Price Schedule 
P.O. Box 2217, Madison 1, Wis. 


WANTED: FOOD TECHNOLOGIST 

Long established midwest concern 
has immediate opening for a man 
with a B.S. or advanced degree, with 
experience in flavor chemistry and 
development. 

Expanding activities include dairy, 
candy and bakery fields. 

Liberal salary and benefit program, 
commensurate with education and ex- 
perience. 

REPLY TO: Warner- Jenkinson 


Mfg. Company, 2526 Baldwin Street, 
St. Louis 6, Missouri. 


FOOD DEVELOPMENT CHEMIST 
Applications Research Department 


Position involves development of 
new food uses for our starches, syrups 
and other new and established prod- 
ucts. Also development of recipes for 
industrial customers. Some technical 
service involved. 

Food Technologist or Food Chemist 
with B.S., M.S. and five to eight years 
food product development experience 
or Ph.D. with up to three years ex- 
perience preferred. 

Ground floor opportunity in research 
program that has quadrupled since 
1956. Leading supplier to foods indus- 
try. New 138 laboratory unit research 
center to be occupied in late 1960. 


Write or call G. M. Prust. 


A. E. STALEY MANUFACTURING 
COMPANY 
Decatur, Illinois 


RESEARCH CHEMIST 

To supervise nutritional research ac- 
tivity for major food processor. Ph.D. 
required with about 5 years post-doc- 
torate experience. Reply giving full 
particular including salary require- 
ment. REPLY BOX 788, Institute of 
Food Technologists, 176 W. Adams 
St., Chicago 3, Ill. 


TECHNICAL MANAGEMENT 
Seeking: responsible management po- 
sition with food or allied company. 
Offering: 20 years experience in R&D, 
trol, editing, technical liaison, and 
trade association work. REPLY BOX 
789, Institute of Food Technologists, 
176 W. Adams St., Chicago 3, Ill. 

preduction supervision, quality con- 


FOUNDED 1922 


ed ond 


esearch 


Maurice Avenue at 58th Street 
Maspeth 78, New York City 


BERNARD L.OSER, PH.D., PRESIDENT AND DIRECTOR 


WANTED— 
TECHNICAL DIRECTOR 

Sixty-seven year old, AAAI manu- 
facturer of food products, located in 
Chicago, serving the meat packing, ice 
cream and bakery industries, requires 
the services of an experienced Food 
Technologist or Chemist. Knowledge 
of meat processing and sausage manu- 
facturing essential. Substantial salary 
and participation in profits. 

Write in confidence, stating educa- 
tional background and _ experience. 
REPLY BOX 792 Institute of Food 
Technologists, 176 W. Adams St., 
Chicago 3, Ill. 


BIOLOGICAL SERVICES 


Foods, Drugs, Cosmetics, Chemicals, 
Feeds, Packaging—Toxicological, 
Mycological and Bacteriological 
investigations 


United States Testing Co. 


1415 Park Ave., Hoboken, N. J 


WANTED: FOOD TECHNOLOGIST 
—Challenging opportunity in Product 
Development for leading national 
food processor with headquarters in 
Chicago. In reply give complete per- 
sonal data, experience and education. 
BOX 786, Institute of Food Tech- 
nologists, 176 W. Adams St., Chicago 
3, Ill. 


FOOD TECHNOLOGIST seeks re- 
sponsible and challenging position in 
Quality Control and Product Develop- 
ment or Production. Experience in 
salad dressing products, fruits, vege- 
tables, dog food, and sausage pro- 
ducts. REPLY BOX 794, Institute of 
Food Technologists, 176 W. Adams 
St., Chicago 3, II. 


COMPLETE SERVICE... 

for the FOOD INDUSTRY! 
Radioactive, Infrared Spectroscopy, Food 
Additive Studies, Bacteriology. Write 
for Price List. 
SCIENTIFIC ASSOCIATES 


3755 Forest Park Avenue 
St. Louis 8, Mo. JE. 1-5922 


AVAILABLE: TECHNICAL SALES 
SERVICE DIRECTOR — Extensive 
contacts in food and equipment field, 
backed up by laboratory manufactur- 
ing technical consulting and promo- 
tional experience in the food industry. 
Technical bulletins and educational 
demonstrations. REPLY BOX 793, 
Institute of Food Technologists, 176 
W. Adams St., Chicago 3, Ill. 


FOOD TECHNOLOGIST, MLS., seeks 
responsible position with food or allied 
company in Technical Service, Sales or 
Product Development. Offers 11 years 
comprehensive experience in manage- 
ment, production, product develop- 
ment, quality control and sales. Will 
relocate. REPLY BOX 791, Institute 
of Food Technologists, 176 W. Adams 
St., Chicago 3, Ill. 
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New York 


For your packaged cereals and dry mi 


BANANA BITTER CARAME! 
© PINEAPPLE 


Developed im the LF.F. Research and Creative Laboratori 


give better gueltty taste to prepared 


withstand Jone shelf-life and bakeout 


BASIC £:GGD TASTE when your 


Send for your samples! 


VAN AME NGEN-HAES 


INTERNATIONAL FLAVORS & FRAG 


Rasehiii 


Leading Creators and Manufaciu 


“ARGENTINA BELGIUM CANADA «ENGLAND FRANCE -GERMANY 


flavors 
| ICES ING: 


STRAWBERRY BY NORDA COMES RIGHT TO THE POINT 


Nothing 
dull about 
this strawber- 
ry! There's some- 
thing great about 
whatever it flavors! That 

“something” is what Norda 

calls ‘natural dimension." It's 

the way a flavor is made to fill 
out, just as Nature intended. Not 

too thin. Never too fat and overpower- ‘ 

ing. One point is certain: you can always 

rely on Norda. 


\ 


Fiavor it with a Favorite—from 


Samples, free, by sending your business letterhead to 
NORDA, 60! W. 26th St., New York 1, N. Chicago Los Angeles San Francisco Toronto Montreal Havana London Paris Grasse Mexico ity 
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